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(20) Abstract (continued) I

"1\Jrespect to maximum loading moments. This process required the
computation of stresses in the shell skin and analysis of the
interaction of the skin with the hull structure. .In the courseof those background investigations, prior structurir c€ncepts

were refined, flexible diaphragms for clontainment of gas
proposed and internal operating ai'r presgures determined.

<'I•ull form shapes, design oP"strudture, including materials and
processes, construction irethods andriparametors of operation are
necessarily covered in this report.

Present, as well as, new materials and technology were applied
to obtain -a very low TX coefficiont compar'edtA'.historic skeletal

frigid airships. This coupled with a higher,andhroader varia-
/tion of internal pressures, resulted ina,,)cn.lusion that Metal-

clad airships-are technically and operationd1ly'leesible, j
economically viable and reliable under adVerselo~onditions.
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SUMMARY

The purpose of this study.is to reliably determine the weights
of Metalclad airship hulls in the range, of gross displace-ments between..10 million and 20,'mlillion cubic feet. The
parameter expressed by Lambda (A), the ratio of the weightof a hull to itd.,gro~s dis,pla•cemeht l~ift, is of basic signific- :•

ance to the justification.fhor pursuing airship development.

To arrive at a valid conclusion for the value of Lambda, it,
* was necessary to propose a design architecture of structures

suitable forý'Metalclad hulls and to analyze typical examples
of it; to 'anajýye tthe,effect of maximum external loads on the
hulls; to.detdrmine;:the thicknesses of the hull shell skin
and designI1ffiient joining seams; to explore the interaction
of the skln:•with',thb.hul'l structure; to determine hull air
pressures; to consider the division of the hull volume into
sub-volumes and gas cells and devise means for inflating the
hull with as little contamination by air as possible; to in-
vestigate the extreme case of loss of pressure and lift of the
maximum volume cell during flight.

All these exploratory studies were performed with what is con-
sidered positive and encouraging resul-ts, substantiating the
calculated weights of skin, structure, cell membranes and
diaphragms for each hull. The work was carried throughout
with a conservative approach which was deliberate with respect
to the analytical procedures and),in the case of the hull skin,
was enforced by limitations of the availability of skin gages
in the catalog of standard thicknesses of light aluminum alloy
sheet metal. This observation is',impprtant because in all
past experience with Metalclad pri'nciples, there always exist-
ed an impression that the quoted hull weights were optimistic.
This report is definitely conservative in its approach to the
determination of weights; it concludes with the expectation
that the ultimate weight of hulls designed in detail, with
more painstaking analytical preparation, will be actually less
than determine'd in this study.

The work on the substance of the study also lead to other
important conclusions, some of which share equal importance
with low hull weight. Foremost among them is the determina-
tion of relatively high hull air pressure, compared to the
initial Metalclad airship development, when with low strength
aluminum alloys and poor efficiencies of seam joints, the air
pressure had to be uncomfortably low.. The report concludes
that the hull pressure in a large Metalclad hull with present
technology would be at least ten times higher and could vary .
between its maximum value and a value at ].east thirty five per,
cent lower than was previously possible without losing tensionj
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in the hull skin even under the most severe flight bending
mo ment•.

Another by-product of the study is the determination of a
Metalclad architecture of structures for Metalclad hulls
which are cellular in principle, never used before in rigid
airships; the study determined that these'.structures are P
light in weight, capable .of functipning .in, harmony with elastic
deformations of the skiA and are h'ghly.. red•,ndant both, in
loading (since they are continuoas.,qircular beams) as well
as incidental damage. Cellular strU tur'es are also easier
to fabricate. The elasti'c compatibility of interaction
between skin and structure is an important conclusion of this
study; it was analyzed and determined with the 'aýd of a compu-
ter that the shell skin and the hull strudture' diýectly at-
tached to it, can be made. elastically compatib.;?,) in, their
relative deformations at all their interfacvg', as is'entionod
immediately above without any complexity, in fact,'without
additional weight.

Vk

One expected conclusion relates to the soundness of the prin-
ciple of using external longerons, without any explicit joints
with the internal frame structure, yet with firm attachment
to it through the hull skin. Had the orthodox method of
connecting structural elements been followed; i.e. , by re-
joining them after cutting for attachment to another element,
the structural weight would have"been greater, wi'th the Lambda
parameter reaching values of over X>.30, even in the largest
hulls, not to mention the complexity and cost of such con-
struction.

Determination of weights' required a serious study of cell
sizes and of the functioning of cell membranes. The prior
concept of providing gas cells in Metalclad hulls was con-
firmed in its overall practicability for the containment of
gas, with a number. o.f advantages, including the minimum .con-
ceivable area of membrane material required for the purpose.
Although there hais' been a noticeable improvement in specific
weights of membranes within the last ten years, this weight
is still too high for internal membranes; further development
needs to be accomplished with the aim of devising membranes
specifically for Metalclad hulls, within which cell membranes
are particularly well protected.

An important conclusion has emerged with respect to the form
of the hulls. It is known that large rigid airship hulls
vibrated in the stern portion. This vibration was induced
beyond doubt by separation of the boundary layer (BL) with
resulting shedding of vortices that caused force instabilities
over the stern hull surface; similar vibrations are also known
in sea-goi.ng ships, especially at high.. s'pe`ds.. Once this was

2... . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . ...
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accepted as a reasonahle explanation of the cause of hull
vibrations, the importance of the BL control in airships be-
came basic. Originally, the hull drag was expected to be
reduced by BL control; this objective has now taken second
place, and delay of air mass separation around the stern has
now the priority over'drag reduction, as desirable as the
latter also is. Me'taiclad hulls would suffer more severly
from shedding of \Vortices. than fabric covered skeletal rigid
hulls. One result of the're'cognitiob of this danger, besidesthenee fo B cetrel, ito pfovid' a slowly sloping hull

form toward the stern whi"h-in turn :also increases the lift
volume where it "has always been inadequate; this departure
from slender sterns of hulls also had a favorable, al-
though influence on the Lambda parameter.

* The study M ýlT~3]ad hulls ends with several recommendations
as follows.'' '; ' -.

1. Detailed design study of the distribution of skin
gages, more closely differentiated than present
standards permit.

2. Further analytical study of structure-skin inter-
action for the purpose of deriving simple and direct
relations for design use. This is not a problem but
a condition, well understood, looking for design
directives.

3. Analytical and experimental model study for deter-
mining critical (elastic) buckling stresses in the
skin as a function of all gore, panel parameters,
with the aim of improving still further the prospects
for making the skin thinner, or 'the spacing of long-
erons greater, or both.

4. A thorough design study and model testing of Metalclad
cellular main frame structures, known now to be
heavier than necessary.

5. Analytical and experimental model stability work on
the possibility of using one instead of two secondary
frames between two main frames.

6. Design study of a Metalclad hull with structures for
local weight load support as well as structures of
convenience included, with the aim of reducing some
longitudinal external hull structure by indispensable
internal load support structures.

7. Further compreh}ensive analysis and tests of riveted-
bondedskin seams, including fatigue testing'.

3
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8. Development of new concepts for cell membranes for
Metalclad hulls.

9. Examination of prospects for use of carbon fiber/
epoxy composites for Metalclad structures, including
many sections of weight load carrying structures,
tanks, containers,. etc., possibly also main frames.

10. Review of maximum exterhal loads on airship 'hulls,
including the determination of more precise loading
procedures for the final hull design; the present
"methods are too arbitrary and elpirifai.

11. Comprehensive testing of airtliLp hulls at high
Reynolds numbers, possibly in a ýatrjypnel and also
with BL control simulation.

During the completion of this report, but before its final
issue, much attention Was given to the validity of the basis
for determination of hull skin thickness. It was felt that
the maximum hull pressures were too high and particularly
that the ratio between the maximum and minimum pressure was
unnecessarily too large (over six). Old photographs of
deflated ZMC-2 reveal that elastic buckling of the hull skin
was approximately uniform in appearance, regardless of the
spacing of longerons. This suggests that once the critical
buckling appears, it is not much different in panels or gores,
of different widths; the critical buckling parameter used as
the basis of determination of skin thickness, where valid
for the determination..of the critical buckling stress, has
only a distant relation to the degree of buckling, as old
photographs indicate.

This discovery showed that the thickness of the hull skin coul
be safely reduced and the ratio between maximnum and minimum
pressure lowered. This was done for MC-200, resulting in a
37.5% weight saving of the hull skin with a maximim pressure
of 8.75 in. of water column and maximum-minimum pressure
ratio still at comfortable 3.5. The Lambda parameter was
reduced to A = .2439 from X = .2758.

iJ' This points to the future direction of determining the skin
thickness with further substantiation by tests of the validity
of this conclusion.

4
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1. INTRODUCTION

1.1 DESCRIPTION OF MFTALCLAD HULL DESIGN PRINCIPLES.
, etalclad-XT-Trhi'" )hull principles were laid down approximatelyfifty years ago by R. H. Upson in several references as noted a

In the simplest definition, a Metalclad hull has a rigid in-
ternal structure capable of supporting an elastically deform-
able thin, gas-tight metal skin shell in deflated state, with-
out lifting gas in the hull. The skin is elastically deformed
between its structural boundaries and supports, with deep
buckles visible all over its surface, caused either by the
weight of the skin or by shear deformations from the supports
of the hull; generally, the elastic buckling is a combination
of both of these deformations and during erection, the ap-
pearance may give an impression of concern for the integrity
of the hull.

The supporting structure is made rigid by the firmly attached
shell skin and supports this metal skin without harm to it.
The structure is comprised of three distinct elements: The
main frames, which are rigid rings with the ultimate purpose
of transfering weight loads into the skin by shear. The
secondary frames, which are approximately equidistantly spaced
between the main frames. The longerons, running fore and aft
along the hull contour are spaced at equal distances peripher-
ally and are firmly attached to the main frames and secondary
frames. All structure is attached to the skin. This assembly
of structural girders and skin comprises all the lifting Metal-
clad hull structure. The girder structure alone, without the
skin, is not capable of self-support and would collapse if not
stabilized by the skin. The skin alone, in deflated condition,
would collapse without the support of the girder structure.
However, in combination, attached to each other, the girders
and the skin shell form an overall rigid body in deflated con-
dition with harmless local elastic instability of the skin.

The secondary frames and the longerons are essential to the
hullstructure during erection and also when the hull is de-
flated; they are not essential to the inflated hull under
pressure. The main frames are essential to the hull structure
during erection, assembly and when the hull is deflated; they
hold the longerons and the skin in place and support their
weight. When the hull is inflated, the main frames are the
principal structure for transfer of weight loads into the hull
skin shell by shear.

Due to inflation with gas and principally by supercharge air
pressure, the thin metal shell becomes taut with tension,

See references _pLqe 307. _ j
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All elastic buckles disepp-ear and the hull body becomes rigid
locally in addition to overall rigidity inherent in the
structure without pressure.

A..A structural girders in the ZMC-2 were curved to the local
hull form and directly attached to the skin. They were not
straight as in skeletal Zeppelin type hulls. It is a funda-
mental distinction of Metalclad hulls that the structure is
everywhere directly attached to the skin and is fitted to the
skin curvature.In deflated condition, the skin is supported
by the structure; in inflated state, the structure complements
the skin strength and deforms elastically with the skin to
various degrees, almost completely in the case of secondary
frames and longerons and less at the main frames. In Metal-
clad structures, this is recognized and provided for to assure
gradual skin restraint from the structure, as is described
in section 1.2.

The principle of conformity of the structure to the hull form

in a combination with the hull skin, gives the lightest and
also the simplest structure. This is so, even when under
compression loads in a deflated hull, because the curved gir-
der deform %.i is restrained everywhere by the skin in tension
in transv as well as longitudinal direction. Although
curvature ra4es the slenderness ratio of a curved girder,
the skin effectively reduces. it, for instance in the case of
secondary frames and longerons, even when the hull is deflated.

The principle of structural conformity to the hull curvature
requires a new solution of all structures, particularly main
frames. The skeletal girder truss structure can be used with
the base girders curved and the truss girders straight, as
shown in Fig. 1. This system has the advantage of good flex-
ibility of the base girders which allows them to deform with
reduced restraint in respect to the skin radial. deformation,
caused by internal hull pressure. In cylindrical shells, the
circumferential extension of skin is twice as great as the
extension in the longitudinal direction under internal pressure,
therefore, the recognition of this fact is important. Not
favorable to the skeletal structure of Fig. 1, is the com-
plexity of it, the weight of special joints and the unavoidable
loading of straight girders in bending superimposed on com-
pression loads. The skeletal main frame construction deserves
further consideration and at this time, is not being excluded
from use in Metalclad construction.

The hull study described in this report is based on cellular
principles in all structure. This approach is consistent with
the Metalclad concept of indivisible attachment of structure
to the skin as well as with modern light structures. A typi-cal

b. ZMC-2 U.S. Navy all metal airship, 1929.

18
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main frame of a Metalclad hull is shown in Fig. 2, and a
typical girder for Metalclad secondary frames and longeronsSis shown in Fig. 3 and 4 respectively.

A typical main frame, Fig. 2, is in itself a Metalclad
structure, composed of corrugated side walls as surfaces of

frustum cones, riveted to either extruded or rolled circum-ferential base cornices attached directly through the
base skin to the external longerons. At the apex, the cornice
is composed of two circumferental curved sections, attached
together with the corrugated sidewalls to make a curved apex
girder of high stability. All cornices are held fixed, element-
by element, by corrugated sloping sides. The base cornices
are also stabilized by the base plates, which are thicker than
the local hull skin. All three cornices will support high
compression stresses without buckling, due to the high degree
of fixity of their elemental support and resulting stability.

!1h1

* Metaiclad
hul skin

curved base Lonfg e on
girders

FIGURE 1. Skeletal Main Frame

Past experience indicates that in similar configurations, the
cornices ultimately fail at stresses near the yield point of
the metal in compression.

The main frame, instead of being a skeletal frame is actually
a continuous circular beam with lighter or heavier cornices
where bending moments demand it and with corrugations of
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FIGURE 4, Typical Longeron Section
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thickness according to local shear loads. Section 3 shows
a simplified qnalvsis of the largest main fraw, ,, the MC-20l c
and also. mrin fraine models are described in Api,,,ndices A, B,
and C. On the respective drawiJiws of the hulls
(Refer to appendix M.1. ) are shown these main frames in some
detail, only as the initial approach to their actual design.
The corrugations of main frames of MC-200 are provided with
lightening holes in frame segments where shears are always
light, instead of going to very thin gages more vulnerable by
human contact. The upper halves of all main frames will have
thin sheet covers spotwelded to the corrugations and riveted

C. MC-200: 20,000,000 cubic feet in volume.
I.IC-10: 10,000,000 cubic feet in volume.
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by sealed joints to the cornices to provide gas tight bulk-
heads for the cells. In the air space, below the hull equator,

I the corrugations have no sheet covers with the exception of
the three main frames supporting compartment scaling. diaphragms.
All main frames in all hulls have a constant height parameter
of(.108)xP.T,d except far forward in the bow and far aft in
the stern, where main frames with the above parameter would
be too low in height for human access. The minimum actual
height (apex cornice to base) of any main frame is 86 in. for
any hull. The cornices of the main frames can be easily
spliced and also reinforced by doublers where needed. There
are no girder cross joints, only riveted seams. All rivets
are to be flush on the external sides of all inte.rnal struc-
tures and all cornice edges are to be rounded-off to reduce
scuffing of cell membranes. All external rivets are flush
to decrease drag. Ail rivet lines are openly accessible and
staggered for case of reaching by tools. The main frame
structure is easily accessible for attachments of any kind,
structural supports for equipment, ladders, platforms etc.
Manholes, if needed, may be placed anywhere.

The frame apex included angle is 440 for structural reasons ol
because the corrugated sides are in effect large Belleville
springs with relatively low spring constants. This allows
the frame to adjust with little force to the elastic growth
of skin perimeter when the hull is inflated. Due to the
radially outward directed forces caused by internal pressure,
the corrugated sides of the frame will rotate slightly toward
the center plane of the frame, tending to decrease the apex
angle thus adjusting the diameter of the frame to some mean
value of the total radial skin deformation. A larger apex
angle would be adverse to this adjustment. The smaller apex
angle is also justified because the main frames of Metalclad
hulls will not have to resist high gas and air surge forces
on the radial nets and diaphragms in the plane of the main
frames. These surge forces will be greatly reduced because
the Metalclad hulls are subdivided longitudinally into four
air spaces. An incidental advantage of the "slender" 46° main
frame, is its lower geometrical volume compared to a 60 apex
angle frame, yet, the internal space of even the minimum height
86 in. frame is more than adequate for all access and equipment

L" installation purposes.
The base skin of the main frames is thicker than the local hull

skin thickness, to relieve the slope of the skin deflection
curve between the free skin and the rigidity of the frame, as
shown in Fig. 2. The frame itself and its base skin are in
effect, two sprinps acting elastically to reduce the different-
ial between the relatively low radial deformation of main

h: Frame height = apex to base
qRr:Hull radius at fraine station
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frames and the greater deformation of the local skin. The
radial diaphragm net will be anchored at 48 stations along
the apex cornice of the main frames. At these stations, the
corrugations will be locally of thicker gage, directing the
pull forces toward the longerons and in shear to the adjacent
corrugated webs. A typical pivoting arm attachment through
the main frame is shown in simple terms on hull layouts
(appendix M. ). These attachments require small openings in
the corrugated sides which can be easily reinforced while
the apex cornice will. be everywhere continuous.

The main frame structure is also basic to other hull structures
viz. the secondary transverse frames and the longerons; both
are derived from the main frame structure, as is described
further on. The guiding principle is to obtain light, simple
structures in all cases, with simplicity of construction, high
redundancy and the most efficient use of material in fab-
rication.

A typical secondary frame, Fig. 3, is constructed as a tri-
angular girder of 440 apex angle with two corrugated shear
web sides riveted to an apex cornice made of outer and inner
rolled profile. At the base; the corrugations are riveted
to extruded or rolled cornices, which in turn are riveted to
the base skin. The base skin is thicker than the local hull
skin. Similarly as in the case of main frames, this provides
a transition from a more rigid frame to a less rigid skin,
both in the deflated state when the skin is elastically buckl-
ed, as well as in the inflated state when the skin is extended
radially more than the secondary frame. This is illustrated
in Fig 3. The circumferential skin extension will exert a
radially distributed force on the base cornices of the frames,
causing an angular rotation of the corrugated shear webs to-
ward the frame centerline, diminishing the apex angle and
thereby providing a second spring adjustment to the radial
skin deformation. The first one being the deformation of the
thicker-than-skin base plate of the frame. In effect, two
elastic springs are provided to accomodate the relative dif-
ference in local deformation of the skin and of the frame.
Individual hull layout drawings (Refer to appendix NQ show
typical secondary frames with dimensions.

In all hull studies of this report, another fundamental prin-
ciple is used, viz, to eliminate, as much as possible, all
structural joints necessary for the crossing of structural
elements. This is a new concept to Metalclad construction
and is a logical step in its progressive development. Splic-
ing joints cannot be eliminated and are not unduly heavy, nor
complex. On the other hand, joints required for the crossing
of structure, e.g., the main or secondary frame crossing
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a longeron, are always complex, heavy, expensive and insecure.
Structures generally fail first at joints.

In the studied hulls the longerons are external to the hull

while all main and secondary frames are internal. Between
the frames and the longerons the thicker base skin of all
frame structures of a Metalclad hull are serving as an incid-
ental gusset plate at each structural crossing. The structures
are as firmly joined as conceivable by simple by-pass crossing
without discontinuity of girders. All studied hulls require a
relatively large number of longerons (Refer to section 7.1).
The increase of drag from external longerons is due to fric-
tion and is minimal, estimated at no more than 2%.-3% of the
total hull friction resistance. The gain in weight reduction
with this type construction will be significant, although not
quantified at the time of this report because of the com-
plexity of the task, The principal advantages are in the
simplicity of structure and increased structural integrity
of the hull. Equally as advantageous is the circumferentialsmoothness of the internal walls of M4etalclad hulls. The
cell membranes will not encounter longitudinal ridges over
which to drag, nor will there arise any air spaces entrapped
between the cell membranes and internal longerons during in-
flation. Fig. 4 shows a typical longeron in its section,
almost identical to although lower in height than a trans-
verse frame, again composed of internal and external apex
cornices joined by corrugations into a highly stable section
capable of sustaining high bending compression stresses. The
corrugated external sides of the longerons are covered by an
approximately .005 in. thick flat sheet spotwelded bn the
outer side of the corrugations with sealed seams to diminish
the drag and prevent moisture accumulating in the longeron.
At all main frame and longeron crossovers a hole in the base
skin of the frame will connect the internal volume of each,
to prevent air pressure forces arising in the longerons. The
longerons are sufficient to support the hull during construct-
ion and also during flight in case of loss of all pressure
in a hull sub-volume.The hull structure and consequent weight
summations are based on this longeron structure capability.

In summation the Metalclad main frames, secondary frames and
longerons are very efficient structures. The base cornices
are stabilized element-by-element by the base skin of greater
thickness than the local hull skin, and by the corrugated
sides of the complete section. The apex cornice is stabilized
also element-by-element, by the corrugated side webs; both,
the apex and the base cornices will reach high compressive
stresses approaching the compression yield point of the metal.
The small apex included angle of 440 in all structures will
accommodate the elastic deformation of the skin by diminishing
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in the primary and secondary frames and increasing in the
longerons, thereby partially adjusting and unloading the
girder to the deformed hull dimensions. When under pressure,
if the apex angle were larger, the girder would be stiffer
against such deformations, which is undesirable. The 440
angle is still sufficient for high stability, while less
restraining to radial deformations at the base of all struc-
tures. Deformability of the skin does not hinder the pre-
cise joining of the plating to the hull structure, because
of precision assembly techniques as described in Section 11,
When supercharged with air pressure, the elastic skin be-
comes taut, the wrinkles and buckles totally disappear and
the hull becomes a smooth body, with exact compound curva-
ture all over. The longerons "float" with the skin in its
radial deflection as do the secondary frames; all become
generally unloaded from weight loads and loaded by forces
from elastic deformation of the skin shell and impose small
restraining forces on the skin as described in Section 2
and 5. The main frames put more restraint on the skin under
pressure and provisions as described above and in section 1.2,
are made for this.

The framework is the principal structure during construction
for supporting the deflated hull. Inflated with air and gas
pressure, the hull structure changes its character; the skin
then becomes the principal structure, while the main frames
serve the purpose of introducing weight loads into the skin
by shear as well as restraining by diaphragms, the air and
gas loads in the longitudinal direction. In both states,
deflated as well as inflated, a Metalclad hull is a rigid
airship hull. Under pressure, the inflated hull (with lift-
ing gas) remains circular if the lift load is balanced by
weight load shears. This was analytically shown by Upson
in 1924 (See Ref. a) The Metalclad airship hull principles
were demonstrated by the airship ZMC-2, in 1929. Its hull
was constructed of 2024 Alclad, .0095 in.thick over all the
hull surface. The parameter D/t - 624 in./. 0 0 9 5 in. = 65,684e
of the ZMC-2 is among the highest known in shell structures.
The lorigeron and secondary frame structure was iade of a 2 in.
high "hat" section of D/L - 624 in./2 in. = 3 1 2 7 The main
frames were approximately 10 in. high with each frame wire
braced in its plane. The inflation-deflation cycle was re-
peated innumerable times through the almost 12 years of life
of the ZMC-2 without discernible fatigue of the skin metal
at any location. The hull of the ZMC-2 during construction
was manhandled more severely before splicing the stern and
bow sections together than is expected to happen during the
construction of Metalclad hulls considered in this report.-

S. D/t = Max. hull dia/skin thickness
D/L = max. hull dia/height of section
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In spite of the structural lightness, as indicated by the
above parameters, not the slightest harm was done to the
hull structure by this severe handling before inflation.

The hulls of this report are subdivided into a number of
individual, independent cells for the containment of the
lifting gas. Section 1.9 and 6 describes the cells in
detail. It should be pointed out that the hull skin it-
self contains the gas directly in the upper portion of the
gas cell between radial intersections with the hull dia-
meter at 7.50 above the equator (MC-200) on the starboard
and port sides. These intersections correspond to the
"location of their respective longerons and below'this inter-
section the gas is contained by a pliable floating membrane.
The membrane is securely attached to the hull skin at these
longitudinally running stations by a replaceable gas-tight
joint shown schematically on hull layouts. The membranes
are at least as large, from 7.50 above the equator on port
to 7.50 above the equator on the starboard side, as the lower
portion of the hull and are free to lie on the inner wall
of the bottom of the hull with 100% gas inflation. In the
transverse plane of each main frame is positioned an elastic
disc-like net, anchored circumferentially to the apex cor-
nice of the frame. Above the 7.50 intersections, the net
is a part of a sealed diaphragm or semi-bulkhead, separating
two adjacent cells. Below the 7.50 intersections the disc-
like net is open and the cell wall is a free, semi-circular
diaphragm attached along its semi-perimeter to the cylind-
rical part of the longitudinal cell membrane forming a
complete cell. In effect, the top part of the cell is fixed,
while the lower part is free-floating, capable of being
drawn tightly by suction against the inner wall of the hull
in preparation for inflation. This will insure a minimal
dilution of the lifting gas with entrapped air during evacua-
tion and inflation. In case of puncture of the top hull
skin by an unforseen cause, the cell membrane would be
lifted by air under pressure against the inner wall of the
hull, cover the opening and still maintaining internal air
pressure; only in the extreme case of a tear in the membrane
as well, would the pressure be reduced or lost in the air
subvolume where the damage occurred. Typical cells are shown
on layouts of the hulls (Refer to appendixM.1. In at least
three main frames along the length of a hull, the whole
inner area of the frame is a sealed diaphragm, dividing the
hull into four air sub-volumes, each with its number of gas
cells. These sub-volumes contain air below the cells. The
bow and the stern air volume is serving the purpose of ballo-
nets for trim and also as compensating space for dilation of
the lifting gas. The second and the third air sub-volume is
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for gas dilation only. The additional purpose of division
of the hull volume into four air sub-volumes is to diminish
the total surge of gas and air during hull pitching, which
in turn reduces the loads on elastic net diaphragms in all
main frames.

At equator, on both port and starboard sides, all adjacent
cells are interconnected by controlled valve ducts, which
will permit transfer of gas from one cell to its adjacent
cell., in response to ballonet fullness, when needed.

The hull skin is projected to be bonded and riveted to the
thicker base skin at the bases of all structures, as is
shown on the hull layouts, (appendix M.) and described in
Section 11. All skin panel seams arc to be butt joints with
flush riveted and bonded back-up strip. The seams of all
structures are described in section 8. It is also proposed
to use bonding for structural seams to secure higher sta-
bility of the assembly between rivet centers.

All hull structures in this report are proposed to be con-
trolled by dynamic thrusters in Z and Y coordinates, the
thrusters will be located in the bow and stern on the main
frames. No weight allowance has been made for the structure
restraining the forces of the controlling thrusts because
these forces are not a part of the gas lifting equilibrium.
It is to be noted however, that the thrustor control forces
will act, in most cases, as couples and their moments on the
hull will be considerably smaller than the moments from
rudders or elevators.

The size of the hulls suggests that it would be practical
for access purposes to provide a low height (86 in. max)
internal longitudinal keel at station Tr of a hull, as is
indicated in Fig. 5. TPhis is to be considered in the future
and would replace the topmost external longeron. The cell
diaphragm would not be hinderd in any way as it would fold
around it and the corridor would provide ducts for hydrogen,
if used as a supplementary fuel, and access for inflation
of cells with lifting gas. An additional advantage would
be that in the case of loss of air or gas pressure, the hull
could travel at higher speed because the bending strength
of the deflated section of the hull would be higher with
the internal keel than with longerons alone. Disadvantage
would be the weight of the top keel and a small reduction
of lift g wks volume.
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top of the hull
--skin •"

i-Main frame

Longitudinal Corridor for Access

FIGURE 5. Longitudinal Corridor at Top of the Hull I
It i's shown further on in this Peport (Refer to Section 2.1)
that Metalclad hulls are more than adequate for the highest
gust bending moments with a factor of safety larger than
two, although two is the minimum factor of safety of design
for all hulls. Also, the supercharge air pressure in all *1
hulls is high enough to be dependably controllable and can
be in fact reduced before the factor of safety, with respect
to external loading, would be reached. This is a most note-worthy development of Metalclad technology when compared to
the era of the ZMC-2, when the air pressures were declining
to low values with the increase in size of the hulls, reach-ing values that would have been doubtful in reliability.

Appendices A through I in this report, deal with a variety
of structural problems. Although reference to them is
made in various sections of the report, they are not a
direct part of the presented analysis and rather reflect the
development of understanding of the problems they relate
to; due to their developmental, nature they often are
numerically different from the text, while still expressing
the concept. Their merit is in dealing with principles
rather than in specific results. A

:I
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1.2 CRITIERIA FOR FLIGH[T FORCnS, S'rAI3],ITY, FUNCTION
AND CONSTRUC'TfIO-N OFE'T-A-.,IL-CLAD STR-ICTURI.. A skeletal airship
hull "h1as to satisfy--rny one set &f strength criteria from
external forces, viz., the flight loads. All Metalclad
hulls have to satisfy two criteria of external forces. One
is the rigidity and strength of the full structure during
erection when the hull shell must be self-supporting without
gas and air pressure. These forces are due to the local
weight of the hull, principally the skin and longerons act-
ing as external loads. The other one i.s the same set of
strength criteria as for skeletal hulls. These two distinct
criteria are not exclusive of each other; in fact there is
a joint effect in the case of loss of lifting gas in a cell
and ultimately, also of air pressure, during flight. In
this situation a Metalclad hull would be subject to weight A
loads due to its own local skin and structure as well as to
aerodynamic moments at reduced speed of travel. During
erection of Metalclad hulls, the main frames will be self-
supporting on the assembly stand, as discussed in section 11.

The skin between the main frames must be supported by the
structure during assembly. This structure consists of two
main frames, two secondary frames and the longerons crossing
them. The longerons support the skin panels as a uniformly
distributed load (in the first approximation) and are in turn,
supported by the main frames and stabilized by the secondary
frames. Neither the secondary framesnor the longerons are
needed when the hull is inflated except when pressure is
lost. If a gas cell should lose its lifting gas, the cell
mnmbrane will lift up against the inside of the hull skin
and keep it under longitudinal and transverse tension with
air pressure; the air pressure is normally much higher than
the gas pressure, even at the top of the hull. Should the
membrane be torn as well in an unlikely but possible sit-
uation, due for instance to cutting by sharp edges of struc-
ture or a tear in the metal hull skin; the air pressure
will be reduced in that sub-volume of the hull or conceivably,
it may riot be possible to maintain it at all. In that case
the longerons will be loaded by bending moments on the hull
in addition to having to support the weight of the skin in
the length of the hull. The hull will have a reduced section
modulus which has to be still high enough to resist a maximum
moment at the maximum speed at which the hull can then travel.
Sectioh 1.8 establishes that the travel speed of the hull
would still be between 50% and 60% of the maximum speed in
level flight. The secondary frames stabilize and support the
longerons by collecting the weight of the skin and longerons
and transfering it to the adjacent main frame by skin shear,
The skin is capable of shear transfer even in a "slack"
condition as was demonstrated by the deflated ZMC-2. A
Mretalclad hull has longitudinal curvature along its length.
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This geometry imparts higher rigidity to the longerons in
bending than their section properties give to them alone;
this is described in Section 5. On top of the hull, long-
itudinal compression deflects the longerons outwardly J
against the weight of the skin and especially, against the
restraining circumferential forces of the circular hull
skin surface, or transverse tension of the skin, even in
the slack state. Experience with the ZMC-2 structure supports I
this assumption. The analysis of such a structural system
is not known, by Turbomachines, Inc., to have been accom-
plished. C. B. BienzenoP(See references, page ) lias
developed an analysis of a curved bar under compression with
one restraining force at the middle opposing the deflection.
At this time it is assumed that the longerons will be capable
of sustaining compression stresses on the order of
ac -=15,000 lb/iný maximum and additive bending stresses of

= 15,000 lb/in2 maximum for the purpose of this study.
The analytical solution of a curved longeron in compression,
loaded and restrained by distributed forces along its length
opposing the deflection from the end load, is a much desired
tool to be developed in the near future. Discussion in this I
direction is described in section 5 and also in section 1.7 ,
indicating the magnitude of this stablizing effect of the
skin and the relief of the bending moment on the longerons
especially on top of the hull. The longerons at stations
lower than r (at the top), are loaded progressively less by
compression as well as bending (in the deflated hull con- 4
dition), but more in torsion, toward station 7/2 at the
equator, as indicated in Appendix ) . The longerons are
rigid in torsion, especially with the hull skin stabilizing
them. This case is not discussed further in this report.

Due to radial growth of the hull shell under pressure, the
longerons, being attached to the main frames, will be sub-
jected to bending loads between frames. Local "doubler" J
reinforcements are needed inside their apex cornices to limit
the stresses at. each frame. This was also investigated by
a computer program and is reported in section 5. The con-
struction process of a Metalclad hull is described in
section 11, and at this point it need only be stated that
the progressive assembly of the hull will not have to contend
with excessive deformations of the uncompleted peripheral
structure because of a jury-structure used to unload the
structure of the hull. A light jury structure will also be
used for fixing the dimensions between two adjacent main
frames to alleviate the loading conditions during the part-
ially completed hull assembly. The .investigation under
secti.on 1.2 discusses the capability of the structure at
the top of a completed hull to carry static loads when not
under pressure. During construction, the loading of the
longerons and secondary frames will not be as high as noted

g. C.B. Pienzeno,__ Z. Angeer. Mthemnatics Vlechnnics Vol. 18n 1.938
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above, in the "loss of pressure" condition. The external
flight loads wore investigated on the MC-200 for a pitched
flight condition but were not completed when it was clear

that the hull moments, such as turning and yaw were much
lower than the maximum aerodynamic moment. (This is espec-
ially true when considering the gust moment.) The "envelope"

moment, as Suggested by D. E. Iloodward,h was used for the
purpose of analysis in this report. Within this "envelope"
moment are contained all controls moments. This moment,
actually two moment envelopes, one with, and one without
the pressure is the determining criterion for the hull de'- V
sign in the inflated condition, as well as the deflated
condition with flight at reduced speed.

Note: "Envelope" is shown in Section 2, page 64 Figure 6.

h.proceedings of the interagency Workshop on LTA Vehicle!,

FTL Report P75-2 , January,1975
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1.3 HULL DATA ANALYZED FOR ALL HULL SIZES.

- See The Following Tables -

I:
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1.3 IhULL DAT'A ANALYZE3D FOR ALI, HULL STZE.S. M- 0

Number of main frames 9

Number of secondary frames Zs 19
Number of longorons ZI42

Maximum hoop stross, top of 2
the hull WTT bin 32,850

Maximum hoop stress, bottom2
of the hull TSlb/in 32,661

Maximum longitudinal tension
stress top of the hull o`LST) lb/in2  21,642

Maximum longitudinal stress
bottom of the hull aLSBJ lb/'in 2  21,250

E~xternal hull surface area A ft2  297,467

Surface length, bow to stern Ls' ft 7.74. 1

Volume of maximum size cell Vcft 10 1.689

Total weight of skin Ws, lb 100,690

Total weight of seams Wse lb included in the weight
of the skin

Total weight of main frames rlb 30 ,328
Total weight of secondary

frames Wf, lb 7,881

Total weight of longerons W1, lb 35,528

Total weight of cell diaphrani Wd, lb 17 ,538

*Total weight of lifting hull W0, lb .191,9.65

Maximum height of longe-rons in. 9.53

Longeron area/Skin area ,14236

Fullness of cells a~t sl for

5,000 ft ceiling .86163.

*llnpaintec 7
34~
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MC-125 MC-150 MC-17S _C_200

9 9 99

19 39 19 19

42 44 46 48

32,850 32P850 32,850 32,850

28,166 31,585 28,574 31,172

21,005 21,328 19,968 19,968

20o237 20,304 20,382 20,382

345,220 389,799 431,981 472t201

833.9 886.1 932.8 975. 3

2.115 2.538 2.961' 3.369

124,143 148,434 173,638 19 9,ý7 94

'included iii the weight of skin

37,910 45,402 53.,073 60,655

1,.5 .1,822 13, 792 15,763

4 1,2217 46,556 1 ,'5 94 S6,398

20,354 22,982 25,469 27,841

233,486 275,28631,6 045

10.27 10.9 11.5 12.0

.14236 .25333 .15545 2 17105

.86163 .86'16 3 .86163 .86163
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Item MC-1O0

Radial deformation of the
skin due to maximum
pressure with Poisson's
effect AR, in 1.9780

Specific weight of skin per
ft3 of displacement W lb/ft 3  0.01007

Specific weight of skin per
ft 2  Wsa, lb/ft 2  0.33849

Specific weight of hull per
ft 3  Wo, lb/ft 3  a0,01920

Reynolds' number, at st Re0 , (10) 8 7.80964

Reynolds' number, at 10,000ft
altitude Re (10) 8 6.10611

10.
Dynamic pressure at sl qo' lb'/ft 2  33.903

Dynamic pressure at 5,000 ft
altitude q5 , lb/ft 2  29.214

Dynamic pressure at 10,000ft 2
altitude q lb/ft 25.'0 3.7

10!
Approximate drag of hull,

at sl, 100 knots Do, lb 23,605.0

Approximate drag of hull at
5,O00 ft altitude, 100knots D5 , lb 20,340,6

Aproximate drag of hull at
10,000 ft altitude, 0 D1 0 , lb 17,432.0

knots
Area of maximum dia metcr

hull section A, ft 2  20,588.0

Drag coefficient of hull
alone CD ..0 15*

Power at sl, 100 knots No,THP 7,249.0

Power at 10,000 ft altitude,
'00 knots N1 0 ,TIilP 5,2.53.0

" Refer to page 61.
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MC-125 MC-150 MC-175 MC-200

2.562 2.760 3.087 3.228

0.00993 0.M0090 0.00992 0.00999

0.35961 003808 0.40196 0.4231

0.01.868 0.01835 0.01815 0,01802

8.41266 8.93988 9.41118 9.83954

6. 57761 6.98982 7.35831 7.69323

33.903 33.903 33.903 33.903

29.213 29.213 29,213 29.213

25.037 25.037 25.037 25.0,37

27,391.0 30,931.0 34,279.0 37,470.0

23,602.0 26,652.0 29,537.0 32,287.0

20,228.0 22,842.0 25,314.0 27,671.0

23,890.0 26,978.0 29,898.0 32,682.0

0.015 0.015 0.015 0.015

8,412.0 9,499.0 10,527.0 11,507.0

6,21.2.0 7,015.0 7,774.0 8,498.0
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Item 14C-lO0

Gross volume of the hull Vo, ('1i)6 ft3 10.002

Gross displacement lift atsZL ,(10)5 lb 6. 53657

Maximum diameter D, ft 161.91

Length L, ft 728.58

Distance of maximum Dia
station from bow aB, ft 262.29

Distance of maximum Dia
station from stern as, ft 466.29'

Fineness ratio L/D 4.5

Prismatic coefficient .6667

Volume ratio, V1 0 0  1..0 Vi/V 1.00
1 100

Length ratio, LlOO 1.0 Li/L 1.00
100 100

Diameter ratio, DI0 0 =.0 Di/D 1 0 0  1.00

Center of buoyancy from bow ICB' ft 338.79

Maximum aerodynamic moment Mae' (10) 6 ftlb 22.93.1

Maximum gust moment M' (10)46 ftlb 23.759

Maximum gas head moment Mg, (10) 6 ftlb 1.7634

Fullness of cells at sl for
10,000 ft ceiling .73878

Maximum air pressure in hull p, lb/in2  .6143

Maximum flight air pressure
in the hull p, in wc 17.0

Maximum skin thickness t, in .020

Number of gas cells Zc 9

Number of air sub-volumes Za 4
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I MC- 125 MC- 150 MC- 175 MC- 200

12.500 15.000 17.5'00 20.000

8.16875 9. 80250 11.43625 13.07000

174.41. 185.34 195.11 203.99

784.83 834.02 877.99 917.95

282.54' 300.25 316.07 330.46

502.29 533. 77.i 561.91 587.49

4.5 4.5 4.5 4.5

.6667 .6667 .6667 .6667

2.5 1.5o 1.75 2.00

1. 0772" 1.1447 1.2051 1.2599.
1.0772 1.1447 1.2051 1.2599

364.92 387.83 408. 26 426.85

28.545 35.638 40.129 45.864

29. 588 3S.638 41. S77- 47.520

2.3745 3.0280 3. 7188 4.4436

.73878 ,73878 73878 .73878

.60106 .62968 59464 .56125

16.64 17.43 16.46 15.54

.022 .024 .024 .024

9 9 9 9

4 4 4 4
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Note:
Useful Load lift at a given altitude Ceiling minus the

deadweight of the hull.
Item MC-100ell

Total lift for 5,000-ftceiling LS, lb 551,879.01

..Useful load for 5)000 ft
ceiling US, lb

Useful load for 5,000 ftceiling/Hull weight U /Wo 1,8749 :i
S 0

Total lift for 10,000 ft
ceiling LI0, lb 473,199.0

Useful load for 10,000 ft
ceiling U1 0 , lb 281,234.0

Useful load at sea level/
hull weight U 2,. 3362 I

Useful load for 10,000 ft
ceiling/Hull weight U /W 1. 465.0

10 0

Power at 5,000 ft Alt, ,,
100 knots N' ,THP 6,240.0

Speed at 5,000 ft Alt,
with sl power u5 , knots 116.06

Maximum available lift gas
volume Vg ft 9.8)(10)6

Ratio: Lift for 5,000 ft L/LI 1.1663

Lift TorlO,0'00 ft 0

Air space in the hull
to lift % gross displace- Va,% 2.00
ment

Useful load for 5,000 ft
ceiling/Lift for 5,000 ft
ceiling U5 /L 5  0,65216
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MC-125 MC-150 MC-175 MC-200

692,665.0 833,478.0 974,264.0 1,115,021.0

1 459,179.0 558,192.0 656,698.0 754,520.0

1.9666 2.0277 2.0679 2.0934

I, 5935844.0 714,651.0 835,365.0 956 055.0

360,358.0 439,565.0 517,799.0 595,604.0

2.4426 2.5135 2.5606 2. 5897

1.5434 1.5960 1.6305 1.6524

* 7,240.0 8,178.0 9,060.0 9,904.0

116.06 116.06 116.06 116.06

(12.3)(10)6 (14.8005)(10)6 (17.3005)(10)6 (19.8)(10)6

1.1663 1. 166 3 1.1663 1.1663

1.60 1.33 1.14 1.00

0.66292 0.66971 0.67404 0.67669
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Item MC- 100

Useful load for 10,000 ft
- ceiling/Lift for 10,000 ft

ceiling U1 0 /1, 1 0  0.59432

Weight of primer and paint,
external hull surface and
longerons Wpep lb 10,236.0

i~i.Weight of primer, internal
air space surface W , lb 3,576.0

I:..

[i• Ratio of painted hull weight/ W.071
Unpainted hull weight 1.0719
Weight of hull with paint WoI Ib 205,777.0

OP
Lift at sea level, fully
inflateu, (for reference) Los lb 640,430.0

Useful load at sj, (for
reference) U0 , lb 448,465.0

Useful. load at sl/Hull weight Uo/Wo 2.3362

Useful load at sl/Lift at sl U /L 0.7003•ii• o "
F Useful load at sl/Useful load

at 5,000 ft ceiling U0 /U5  1.2460

Useful load at sl/Useful load
at 10,000 ft ceiling Uo /U o 1.5946

Ratio: Lift at 5,000 ft
ceiling/Lift at sL. L /Lo 0.8617

Ratio: Lift at 10,000 ft
ceiling/Lift at st L10/L 0.738ý?

Speed at 10,000 ft altitude,
with st power

knots 135.42
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MC-125 MC-150 MC-175 MC-200

0.60682 0.61480 0.61985 0.62300

11,814.0 13,393.0 14,971.0 16,549.0I

4,123.0 4,668.0 5,214.0 5,761.0

1.0683 1.0656 1.0636 1.0610...

V249,423.0 293,347.0 337,751.0 382,767.0

803,805.0 9 67,2 21. 0 1,130,588.0 1,293,930.0

570,319.0 69,-So813,022.0 933,473.0

2.4426 2.5135 2.5601 2. 5897

0. 70952 0.71538 0.71911 0. 72142

1. 2420 1.2396 1.2380 1.2372

1,5826 1.5748 1.5701 1.5673

0. 86173 0.86173 0.86173 0.86173

0. 73879 0. 73887 0.73888 0.73888j

135.42 135.42 135.42 135. 42
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I tonm MC-100

Total hull weight /
gross displacement lift 1V0/L- X 0.29375

Total hull weight(painted)/
, gross displacement lift Wo1/I,- X, 0.31488

p
Total hull weight/lift at
sea level IVo/Lo= o 0.29974

Total hull weight(painted)/
lifL at sea level IVo/Lo= x 0.32131

Total hull weight/lift for
5000 ft ceiling Wo/L= )5 0.34784

0I
Total hull weight(painted)/
lift for 5000 ft ceiling W /L A 0.37287

op 5 Sp
Total hull wjight/lift for
10,000 ft ceiling IWo/Ll 0 = X10 0.40567

I~iii,,.Total hull weight (painted)/ i

lift for l0,O00;ft ceiling Wop/I'lo lp 0.43486

Note: L0 ,,,L5 ,L1 ) are based on gross displacement lift(L)
minus air space.

':L

44



NADC- 76238-30 .

MC- 12 S Mc- 150 MC- 175 MC- 200

'I

0.28583 0.28083 0.27768 0,27578

0.30534 0,29926 0.29533 0 29285

0.29048 0.28462 0.28089 0.27857

"0,31030 0.30329 0.29874 0.29581 1

0.33710 0.33029 0.32595 0.32327

0.36009 0.35196 0.34667 0.34328

0.39318 0.38520 0.38006 0.37702

0.42001 0.41048 0.40432 0.40035

i
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1.4 LIMITATIONS OF ' lTl ANALYSIS The analysis is

deliberatelyiiitead to theslifting-structure of the hullsI and excludes all other structure needed for the support of
weight loads, control forces, landing forces, etc., except
the main frames, which are loaded by weight loads corres-
ponding to the lift acting on them. The lifting hulls must
be capable of a speed of 100 knots and will sustain all
external loads and moments related to this speed. A maximum
ceiling of 10,000 ft. is assumed in the report where it is
applicable. The MC-100 and MC-200 are considered as two
boundary hulls and are analyzed in greater depth than the
MC-125, MC-J50 and MC-175. The significant weight values
for these latter hulls are interpolated from the values of
the two boundary hulls. All results are tabulated for access
and comparison and some are plotted. This exploratory analy-
sis is designed to determine loading and weight parameters
with increasing hull size. The exploratory nature of the
analysis leads at times to a degree of inconsistency of re-
sults, particularly due to the changing concepts of design
during the work of generating and assembling the output
material for this report. However, in weight statement
preparation, these discrepancies do not exist.

A Metalclad system of structures in a Metalclad hull and
the elastic interaction between the structure and the skin
is defined in this report. This was of secondary importance
in ZMG-2, due to its small size and greater-than-needed skin
thickness. In the hulls considered in this report, this is
of primary importance. Careful attention was paid to the
determination of skin weight, the largest part of the total
weight, by proportioning the thickness over the surface of
a hull not only in the longitudinal direction but also cir-
cumferentially, to the greatest extent possible. Standard
skin gauges were specified in all cases. The skin thickness
is greater on top than on the bottom of the hulls, because
in low fineness ratio hulls, the gas head is significant in
its influence on the value of transverse stress. More
thorough computer analysis is needed to define the elastic
interaction of the slin and the structure under internal
pressure. Results of this analysis will lead to some weight
reduction of the structure.

Similar weight reduction can be expected from the future use
of non-standard sheet gages for the hull shell skin; in
this report only standard gages are used. The use of stand-
ard gages compels the use of the next higher gage with an
unnecessary weight increase. Non-standard gages will permit
greater differentiation of skin thickness distribution over
the hull surface, without adversely affecting the required
strength of the skin. The amount of skin sheet required
for construction of Metalclad hulls is large enough to justify
the use of non-standard gages.
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The weight study used conservative values wherever a degree
of uncertainty appeared. In an actual design this conserva-
tive influence would be reduced and a most careful control
of weights throughout the design would be instituted.

The weight analysis completely disregards structures that
have no relation to lift. This implies a conservativelimitation of the results in an actual hull design because
structure necessary for functional reasons will contribute u
to flight strength; particularly, to the strength of the~lI

deflated hull if pressure should be irreparably lost in a te
major volume cell. One such structure will be at the bottom
of the huUl for habitation and weight load support. Another
structure will provide an access corridor at the top of the
hull, connecting all main frames, as noted in section 1.1
These structures will eliminate the need for longerons at ii
their local peripheral stations because the skin will be
supported in a deflated condition by them indirectly. In
the weight analysis, all these potentially useful contribu-
tions of internal structures are disregarded.

48

41



3 071RBOMACHINES.
NADC- 76238-30

1.5 EXPLANATION OF THt HUIML FORM The hull form of
Metalclad airships has been given a thorough study. The
first consideration in these studies was that Metalclad
airships should not have high fineness ratios but rather
favor ratios in the range of 4 to 5, whore the drag co-
"efficient is almost constant as far as is known, even in
very large sizes. Next, several forms of hulls were, con-!:sidered .among them envelopes based on NASA 644-021-,- and

65,3-Ol8i profiles; thes3 were discarded due to their low
prismatic coefficients and large slopes of the profile to-
ward the stern trailing tip. This latter consideration
Shas gained importance in modern times because it is strongly
suspected that vibrations of' airship hulls experienced in
the stern region were caused by shedding of vortices as I
the boundary layer (BL) separated at random, especially at
high speed of flight. Stern vibrations are well known in
marine ships; in some instances, they were so violent that
the sterns had to be reinforced. In the past, these vib-
rations were uniformally blamed on the propellers. Pro-
pellers are turbomachines and when they function properly,
they do not vibrate as violently as indicated by ship hulls;
on the other hand, if the water enters them in a turbulent
state, cousod by separation along the rapidly converging
sides of the stern, the propellers will run with induced
vibrations, the origin of which is not in their nature but
in the turbulence.

Similar circumstances exist along airship hulls as the air
mass flows toward the stern. The BL separates in a random
pattern, causing shedding of vortices which induces powerful
forces to arise on the hull surface, and in turn causes
dynamic impact on the stern part of the hull and vibrations
of its structure. These vibrations existed in all skeletal
airships, in spite of the damping effect of their fabric
cover. In Metalclad airships, they would be more severe,
due to the rigidity of the surface of the inflated hull.
This consideration has guided the thinking about the formr
of the stern of Metalclad hulls more than any other. h'i e u
obvious countermeasure is the suppression or at leas. re-
duction, of the BL separation; this has now become a major
factor in Metaiclad hull design and the stud)y tacitly assumes
that all five hulls of this report would have controlled BL,
to some useful extent.

There are several ways to achieve this end. Some of them
are complementary and all but one, outside the scope of this
report. One promising method is the suction of the BL into

. NASA Report No. 824, 1945.
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the hull by an internal propulsion power plant, which then .
imparts momentum to this air mass and jets it through a
tunnel duct at the end of the stern; the motion of the free
jet (cold air) has a second effect on accelerating the BL
suggested in the paper by Carmen J,. Mazza.-

A hull using this method can be more full in the stern part
with consequent reduction of the hull stern envelope ,lopes,
thereby disr •acing the station separation further aft
(Schlichtinge). This is the method considered within this
report. Greater fullness of the hull stern provides higher
lift than do hulls with pointed sterns. The best envelope
curve that fits into this requirement is an ellipsoid there-
fore the hull form J.s composed of a how ellipsoid with its
major axis equal to the distance from the bow to the station
of the maximum diameter and a stern ellipsoid with its major
axis length from the station of maximum diameter to the tip
of the stern. Prior stern envelope surveys were composed
of a hyperboloid, commencing at the maximum diameter station
and joining an ellipsoid at the stern. This form was not
used on the hulls of this report because it does not have
adequately slow slopes along the hull curve. The maximum
diameter station was moved from the original (.40)L location
to (.36)L location from the bow to adjust the slopes of the
stern ellipsoid. The hull ellipsoids have not only the first
derivatives on a smooth curve st all longitudinal stations,
but the second derivative is also a smooth curve, without
any discontinuities in the rate of change or hull envelope
slopes.

Considered also wal the hull envelope curve described by
Pake and Pipitone,' a deviation from airfoil sections de-
signed for complete BL removal. It is difficult to resist
the attractiveness of these forms, particularly because they
are also suitable for stern located power plants of the con-
cept mentioned above, however not enough is known at this
t.re to base a comparative study on this hull form.

Originall.y, the removal of the BL was looked upon as the
gain in reducing the hull drag coefficient. This purpose
continues to be valid but the BL removal has acquired a new
importance in its power to supress or at least, to reduce
the stern vibrations which in Metalclad hulls must be a
prime consideration. The proposed hulls are drawn up with

J* C.J. Muzza - Proceedings of the Interagency Workshop on
k ITA Veh:icles, tiT, 1975, P. 133.

Schlichting- Boundary L..ayer Theory, 195S, McGraw-Hill.
V, F. A. Pake and S. T. Pipitone Proceedings on LTA Vehicle.

FTL Report R75-2, Jan. 1975, Page 147.
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these factors in mind while an additional improvement from
this effort has appeared, viz. , the higher prismatic co-
efficient of the studied Metalclad hulls, with greater liftin the stern, where most prior airshipswere always deficient
in lifting power.
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1.6 FACTOPS OF SAFETY. The hulls are projected to be
made of AicT --d70S---T7-F~sie ts and extrusions. The mechanical
properties of 7050-T'76 Aiclad are noted below:m.

Alloy 7050 Alcl-ad
Form Shdeet
Temper T76

Thickness, in. .015-.039 .040-.187

altu, lb/in2  L 73,000 75,000

atr ].b/in 2  L 64,000 66,000
ty2

ai~ lb/inz L 61,000 64,000.

Tsu, lb/in2  44,000 45,000

CLT 7 8

E'10, lb/in2  10.2

Ec', ,0 lb/in2  10.6

62H'l0, lb/in2  10.4 (Used in this report)

The factor of safety used in this report is two (2) , with
respect to a~ and 1.5., with -respect to a...The latter case

LdStres 00T6she hcns
will apply in tonsi'n~as~well As compressio Ync1 shear.

The maximum allowable stresses are:

.015- .039 .040-. 187

atu lb/in2  L 36, 500 37, 500
20ty lbin L 42,667 44,000

Cr lb/ in2  L 40,667 42,667

Ts lb/in2  22,000 22,500

The minimum gage of .015 in.~, given in reference mof this
report is too high for some hull skin areas and shect-corruga-
tion panel assemblies. Sheets thinner than this limitation
would have to bc produced in the Alci-ad form down to a minim~um

m. Naval Air Systems Command Report: N00019-74-C-0065
January, 1976.
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thickness of .005 in. All seams between hull shell skin gore A
panels, base skin of the structure and also seams joining
components ofgirders are specified (Section 8. and 8.1) asbonded and riveted for reasons of sealing and increase of

strength due to continuous adhesion of thin components withthicker cornice materials that join into thick assemblies elong ,•
the seams. In past experience, absence of adhesion in longi-
tudinal seams of girders has caused failing by premature
buckling between rivets.

Riveted-bonded seams are described in Section 8. and all seams A
are designed with higher than 100% efficiency, which is
possible with bonding. In strength-weight analysis this is
decreased to .90 of the ultimate strength of the metal.

All structures use 7050-T76 extrusions. Extruded 70ý0 alloy of
different tempers than T76 is reported in Reference . The
mechanical properties of extruded 7050 alloy are higher than of
Alclad 7050 but this is neglected in this report and the same A
property values are used for extrusions as well as for Alclad.

1.7 PTINrTION OF_ INDfInL COMIPNENTS: MAIN .RAMS,
SECONDARY FRAMES AND L ERONS. The principal component of a
Metalclad hull shell is the skin, bonded by leak-proof seams
joining individual gore panels between longerons. The function
of the skin is to contain the lifting gas and the super- "N'
charging air. The lifting forces of the gas press on the skin,
the main frames, and the intermediate frames to hold the hull
shell circular. This compels the lift forces to generate
shears on the sides of the hull. In turn, this transfers the
lift loads to the main frames, where the lift forces are
resisted by the weight loads. The longerons play a role in
stabilizing the skin in shear. This role increases as the
internal pressure decreases and the secondary frames and
longerons take up loads with slackening skin due to a drop in
pressureor the complete loss of pressure in flight. During
the construction of the hull the longerons provide support in
the absence of pressure. The hull shell must be built of as
light a gage of skin as possible, because the major part of
the hull weight is in the skin. This precondition also
determines, as the next step, the necessary number of longerons
to support the skin adequately in its slack state. The back-
ground for this is the experience with the ZVC-2 expressed
by a parameter which ties together the skin thickness, its
unsupported width, and the radius of its curvature, Section 7.
The least possible thickness of skin also determines the hull

air pressure at which the maximum allowable transverse stress

Alcoa Green Letter, April, 1976, Aluminium Co. of America.
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can be set up. Therefore, the skin thickness is determined
by the highest acceptable internal air pressure, the practical
manufacturing and handling characteristics of thin plates, a
reasonable number of longerons and the consideration of
slope of deformation of skin as the more rigid structure is
approached. ta

It is inherent in Metalclad structures that the number of
longerons be larger than in the historically Large skeletal
airship hulls. It is not known to what lower value the
paramenter ý can be reduced. Indications are that it is now
too high, yet there is no experimental evidence on how much
lower it can reasonably be,

There are no singular values for the determination of Metal-
clad hulls and their structural members. Design relations
have to be arrived at by successive approximations for what
can be considered the optimum compromise of weight, simplicity,
comparative rigidity, stability and strength under all con-
ditions of construction as well as flight operation,
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S1.8 DETEMNATION OF THE SIZE OF CEILS The largest
volume cell--i-nev iably is loca-ted at or near the maximum
hull diameter. Cells forward and aft of this location are
smaller in volume, principally due to a limiting length of
longerons between two main frames with radial cell bulkheads.

If the largest cell should lose its inflation gas, a sagging
bending moment will occur, resisted by longerons which must
be sufficiently strong and rigid to sustain this loading as
well as some value of the maximum, aerodynamic or gust bend-
ing moment at a reduced speed of flight, to return to the
home base. In Metalcl.ad airships a second emergency condition
may arise, if in addition to the loss of lift of the largest
cell, the air sub-volume in which it is located, should also
lose a part or all of its air pressure. The loading of long-1i erons in this case is discussed under Section 5.

This section of the report considers the determination of
the size of the maximum cell volume. The loss of lift from
deflation of this cell will have to be made up by one or more
of the following lifting forces:

1. Lift of the hull at a pitch angle in flight at re-
duced speed, at full propulsion power.

2. Lift of downward aiming thrustors, no more than
80% of their total downward capacity. *

3. Heating of lifting gas by fuel, no more than 60%
of the total remaining lifting gas volume. *

4. Dumping of fuel; (no ballast is expected to be
carried, because with thrusters, none is necessary)

Of these four lifting measures, heating of gas is least
effective; dynamic lift and the lift of thrustors are most
effective. Dumping of fuel is undesirable except in extreme
emergency. At full power and with heating of gas, fuel
consumption will increase at an abnormal rate and in this
respect, maintenance of lift equilibrium is going to be
assisted.

To reduce largest cell volume would lead to closer spacing of
main frames near the maximum hull diameter station. Future
work will require a compromise solution. Closer spacing of
main frames near the maximum diameter station will result in

R* easonable estimates based on preliminary calculations.
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several cells of identical volume but smaller than the largest
call. of this study. This is not a requirement of the present
study.

MC- 100

The analysis proceeds on the assumption that the largest cell
volume (or volumes)is inflated for a 10,000 ft ceiling, and
the cell lift is determined on the following basis:

The volume of the cell is:

V TrR2 (3.14159)(80.953)2(83.0) = 1.7088(10)6 ft 3

Lift of this cell at 10,000 ft altitude is:

L K10 V - (.04828).(1.7088)(10)6 = 8.250(10)4 lb

This force must be replaceable via emergency measures.

Upon loss of gas tight integrity of the largest gas cell a
sequence similar to the following will occur. In practice
they will initiate almost simultaneously, but are taken as
separate functions for purpose of clarity.

1. From 10,000 ft, the airship will drop to near sea

level height.,

2. Angle of pitch on the bow is + 200.

3. Full power is maintained.

4. 80% of the thrust of downward directed thrusters is
applied.

5. At least 60% of the remaining gas volume is heated
to 20°F above ambient temperature.

Drag and lift coefficients are tiken from NACA TR394, pa e 14,
Figure 16(A) (reference to page 59) for fineness ratio o
4.8, which is close to 4.5, for this purpose. The graphs of
Figure 16(A) indicate a drag coefficient CD = .020 at 0 = 00.

(modified to CD = .015 on page 61).
Hull drag at sea level,

Do M D g V'Y3u2*/32'b

_-.076475 6 /3

D = (.015) -64 ,48(,10.0024048 x 106)2/3(168.9)

(1. 519169)(I0) 6
D 6-47.-348 = 23,609, lb in level flight

56

!'N -



r ••TURBOMACHINES,

NADC- 7.28 30

The speed of flight at 0 = 200, CD -055

-2Dog (2) (23,609) (32. 174)

yVý
3'c (.076475)(1.0.0024048 x 106)2/3(.055)

2U2 7780.2666

u- 88.205819 ft/sec.

u = (.5921)(88.205819) 52.23 knots

At this speed, 0 = 200, CL .165 the hull dynamic lift is

L - (.165).076475(10.0024049 x 106)2/3(7780.2666)

L - 70,827 lb

Net total lift of the hull

L100 - (.9S)(10) 7 (.048279) L1 0 0  4S8,653 lb

Downward directed thrustors capacity

(.10)(L 1 oO) (.10)(458,653) 45,865 lb

80% of thrustors effective

(.85)(45,863) 38,984 lb

Heating of gas

state at ambient temperature yo =Ro

state at elevated temperature y1  'p

at higher temperature, lift of gas k =Air-he

forXAir constant ko To
F0 To

ko, lift of He at ambient temperature

'kl lift of He at 200 F higher than ambient

T1 538.69
,k= ko = T 1 (.065 3 5)-58.69 .0678698 lb/ft 3 , at sea

TO level'
Ak .0678698 - .06535 = .0025198 lb/ft3

Gain in lift by heating to 538.69 from 518.69°R at sea level
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Net gas volume at 10,000 altitude

9,500,000 ft3 full hull of gas (approximate)
-1,708,800 " lost cell
-r, 7, " at 10,000 ft

At sea level:

.04828

.n535(7.7922)(10)6 (5.756808)(10)6 ft 3

60% of the gas volume heated (.6)(5.7568-08)(10)6 (3.45408)
(10)6 ft 3

Lifting forces due to At 20OF temperature rise of gas

(.0025198)(3.45408)(10)6 8,703 lb

hull lift 70,827 lb

thrusters 38,984 l b
Lift due to 8,703 lb
superheated gasll8, 5 1 4 lb

Required lift: -82,501 lb

Excess margin: 36,013 lb

No fuel needs to be dumped due loss of lift of the largest
cell. Drag due to the air columns of thrustor jets, the
reduced speed of flight, and therefore the hull lift will
be reduced and some fuel may have to be dumped. The analy-S.sis becomes complex at this point for fuel consumed at high
rates will compensate favorably for the drag of the thrustor
jets.

MC- 200

An analysis for the maximum cell of hull is made for MC-200.

V = R21i (3.14159)(101.9945)2(104.0) 3.398884(10)6
ft 3

Lift of the cell. at 10,000 ft altitude is

L klo V (.04828)(3.398884)(10)6 1 16.4098(10)4 lb
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As in the case of MC-100, with emerging loss of the longest

* call, the airship will drop to near sea level height, while
pitching up to 0 200, maintaining full power, and putting
into action 80% of the thrust of downward-directed thrustors
while heating at least 60% of the remaining gas volume by
20°F above ambient temperature.

From NACA TR 394, Page 14, Figure 16CA), for fineness
ratio of 4.8, which is close to 4.E for this purpose, the
graphs of Figure 16(A) indicate a d.1,ag coefficient bf CD=.020

CD = .015 at e -00 (modified from CD= .020(see page 6])

Hull drag at sea level

D C Y V2 / 3 u2 lb

DO (.015) '076475(20. 0000288 x 106)2/3168.9) 2

D - (5.085515)(l0)'1(7.36807)(10)4O

D = 37,470 lb0

The speed of flight at G 200, CD .055

u2  2Dog (2)(37,470)(32.1741) .5

y•73 (.076475)(20.0000288 x 100)410(.055)

u2 = (7.7800574) (10)3

u 88.204633 ft/sec.

u ( (.5921)(88.204633) - 52.23 knots

At this speed, e - 200, CL = .165 and dynamic lift of the hull:

L = (.165).0764 7 5(20.0000288 x 106)2/3(7780.0574)

L = 112,410 lb

Capacity of the thrustors

net lift of the hull at 10,000 ft (approximately)

L200 (.95)(10)7(2)(.048264) L2 0 0  = 917,016 lb
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r. Downward directed thrustors capacity:

(.10)(1,200) =(.10) (917016) -91702 lb

Heating of Gas

equation of state at ambient temperature y0  P

at higher temperature y,

Lift of gas k = AirYI-le

For ~Air = constant k1 _T

ko, lift of fie at ambient temperature

kl, lift Of Fie at 200 higher than ambient temperature

Lk k Ti=(.0653.S).~~L .0678698 lb/ft3

Ak .0678698 - .06535 .0025198 lb/ft 3

Gain in lift by heating to 538.69 from 518.69 OR

Net gas volume at 10,000 ft altitude

(1g) ( 1 0 )" ft3 full hull of gas (approximately)

F,7 -(3. 398884)(10)6 ft3
i15. 601116) )(0)T6ff3tra 10,000 ft

At sea level:

.06535 (15.601116) (10)6 =(1l.52ý) (10)6 ft3

6o% of the remaining gas heated (.6)(11.526)(10)6=(.1)

(10)6 ft
3

Lifting force due to At 20OF tem'perature

Rise of gas (.0025198) (6. 9156) (10)6 17426 lb
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Hull lift 112,410 lb

Thrustors 91,702 lb

Lift due to superheated gas 17,426 lb

221,538 lb

Required lift -164t098 lb

Excess margin 57,440 lb

No fuel needs to be dumped in case of loss of the-maximum
volume cell of MC-200. It can be safely assumed that similar
relations can be obtained with other sizes of hulls therefore
the subject is not discussed further.

The source of the drag coefficient used in this section is
the NACA TR number 394 (1931)0, particularly the tests of
airship hulls carried out in the closed throat variable
density tunnel, shown in Figure 16(A) for a FR = 4.8; this
ratio of tested hulls is closest to FR =4.5, of the studied
hulls.

The drag coefficient for a bare hull is CD .020 for 8 = 00
as noted in Figure 16(A). This value was manipulated to a
lower value of C = .015 for this study only, in view of the
following considyrations:

1. The TR 394 notes that the drag coefficient slightly
increases for bare hulls when the FR decreases,
refer to Figures 13(A) and (B). Between FR of 4.8
and 4.5, this increase should be very small.

2. The TR 394 notes that surface roughness has a
powerful influence on the CD, expecially at higher
Reynolds' numbers, refer to Figure 20. Metalclad
hulls will be smooth, their surface undistorted
under loading; wind tunnel test CD of model is
expected to be close to the actual Cn of a full size
Metalclad hull, at equivalent Reynol.s' number.

3. SchlichtingP shows in his Figure 13.14, that suction
over an airfoil can reduce the CD by at least 50%,
according to tests by Pfenninger , Propulsion of
Metalclad hulls is expected to be inseparably
associated with BL control by suction, but the

NG TechnicalRpo
Boundary Layer Theory, Sch].ichLcing, J() , .4cGjraw-H i IIPfenniger, Page 239 Figure 13.14 c
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reduction of the C as hoped for is not going to be
as effective as wiPh the airfoil of Figure 13.14.
It appears possible that the propulsion involvement
with BL reduction could be expected to reduce the
C , obtained by wind tunnel tests of TR 394, by 25%.
Has is to be done by two inputs of energy into the
hull BL; first one, by suction at approximately
70 - 75% of hull length and the second one, by
the momentum of the cold air thrust stream at the
stern end.

4. At this time and only tentatively, the coefficient
of hull drag is taken as CD .0150 with the expect-
ation that apart from the control gondola, there
will be no other protrusions external to the hull.
The effect of external longerons on the value of
CD is as yet unknown. They increase the hull friction
surface area by approximately 10% or less; on the
other hand, it is likely that external longerons
may have a limiting influence on the separation of
vortices. These complex relations can be determined
only by wind tunnel testing.

S. Figures 17, 18 and 19 of TR 394 show the CD still
noticeably decreasing even at the highest Reynolds'
number of tested hull models, Re = (.49) (10)8.
The Reynolds' numbers of studied Plulls are 15 to 21
times higher than of the models in TR 394; in view
of this, it can be confidently expected that the
assumed value of C]) .0150, will be approached
by actual hulls even without BL control.
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2. LOAD ANALYSIS

2.1 EXTERNAL LOADS, AERODYNAMIC MOM•INT GUST MOMlENT.

During construction vit Tout iTnternal pressure, a..UlT_71-i-
jf loaded locally by its own weight to various degrees of sev-

erity; these loads will be taken up by light jury structure
during erection and the construction loads on the hull
structure will be low. The top longerons support the skin
and their own weight in bonding between main frames , with
intermediate surport from secondary frames.

In flight, the hull may be subjected to the aerodynamic
moment, expressed by: 2!2 2/ 9

Mae .02) L-u V L ftlb=e - .' 2 g o r i

to a gust moment, expressed by 0'1
2 J i

Mm .0. 1) y uc V L ftlb

with c = 35.0 ft/s gust velocity; the Dm M e and is used as
the maximum design moment in an envelope of moments suggested
by Woodward'h , and shown in Fig. 6 for MC-l00 and MC-200,
respectively.

q y/2g u2 = 33.9034 lb, constant,'for all hulls. (100
knots)

The turning, yaw and pitch moments on a hull were also
analyzed, but for this report, were abandoned when it be-
came evident that they were always lower than the IMn moment.
The aerodynamic pressure, q, will be provided for in the
bow by double hull plating with cellular structure backup
in between, as indicated on hull layouts (See appendix M ).
This structure will also be relied upon for distribution
of anchoring loads directly into the skin, also into the
longerons. Longeron cross sectional areas are disregarded
in determining the tension stresses in the skin, a conser-
vative measure, because they also carry tension in addition
to the skin.

S2.2 INTERIAL LOADS, When inflated, the hull. is loaded
by a gas head whiMc induces higher transverse and longitudinal
tension stresses on the top of the hull, compared with the
transverse and !oniitudinal tensions on the bottom of the
hull, due to supercharge air pressure.
h. Proceedings of the Interagency Workshop on LTA Vehicles,

F'TL Report R75-2, January, 1.975, p. 169.
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Mmax Mg Gas Moment

----- According to
Woodward

S.t. 4615L- .. . -" ta

¢" .~65L "'-.

FIGURE 6 Envelope- Maximum Bending Moment

Envelope of maximum bending moments according to Donald E.
Woodward:

h.Proceedings of Workshop on LTA Vehicles, FTL
Report R75-2, January, 1975.

The Woodward envelope of maximum moments is specified as
reaching its highest value between (.5)L and (.65)L, while
L is the length of the hull.

In the Woodward type diagram above, the maximum moment is
reached at (.4615)L, which is another of several tonservative
assumptions taken in this report; eventually, this limit can
be raised to Woodward's limit of (.S)L with some weight re-
duction.
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The gas as well as the air pressure cause transverse and
longitudinzil tensions in the skin of the hull shellI a, andI 0L, respectively. in Fig.7 is shown a skin element cI1S1KS,Iunder pressure p, loading it by a force pds~rds, caus9ing
a transverse (hoop) tension load aTtdsL and a ýongitudinal
tension load GLtdsrr.

I The equilibrium of forces on the skin element (without imposed
shear) is:

Otds do + atds Lda pds ds'I'

dsL RLdo and ds. 1. R T dc

K finally, aL a(1

111T
r ~ a UsL -sT

aT T (2)?
Inhul hvigcotnuuslngtdialcrvtre a nLh

case of all hulls in this'~C reot dql isvai. ro th
relations in ayidr

OL (3)
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It can be assumed that the longitudinal length of a skin
element is so small that Eq. (3) still applies, while the
longitudinal curvature is included. From E.q. (1) the trans-
verse or hoop stress in ,a hull under internal air pressure
can then be expressed.

a T p a

L-R,-- =, -I" TL•.

p'T iiIntroducing aL = 2t

a p pR 11

RT PtR L

2 -PPT pRT pRT I RT
and 2 tL2t 2 - RJ (4)

pRT
If RL ÷ =, Eq. reduces to: aT - which is Eq. (2)T" T

In the analysis of this report, another form is used, putting
CT/2 = GL in Eq. (1)

T 'T p
R,, 2RL t

°T T Y

V2RL ,,RZR IZ It
L[2R R, Tj

and cT p f11r

At all stations along the hull length.

Eq. (5) checks with Eq.(4) within a small decimal error. The
hulls of this report are ellipsoids and the radius of curva-
ture RL i- computed at iny station from:4 2- 4 2- /

RL x + a Yj /3

RL - -a 4b 4

for bow and stern ellipsoids.
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For the maximum diameter section, RL forward of this station .
is:

RB 2 and aft of this station:

RLS a= R1 rdiS. 2

R and RL are radii of the osculatory,

circles for the bow and stern ellipsoids, respectively.

The hulls considered are large, and have a low fineness ratio
(F.R. = 4.5); their gas head therefore, is greater than in
historical airships and is included in determining the air
supercharge pressure in order not to exceed the highest A
allowable stress in hoop tension on top of the hulls. Eq.(5)
remains as is for the bottom of the hull and is modified as
follows for the upper half of the hull shell:

2kRT ÷P F2RTRL

All skin stresses are based on sea level state, as must be
the case. At the same time, full cell inflation will rarely
if ever, occur at sea level and therefore this design assump-
tion is conservative.

As the altitude of flight increases, the hull supercharge
pressure will diminish to satisfy the desire for keeping
the hoop stresses substantially constant with altitude. It
will be desirable to control the hull air pressure from
stress sensors connected to the hull skin for monitoring

air pressure possible.

From skin stress analysis of section 7.1, it is evident
that the hull air pressure is not a narrow value to be con-
tinuously concerned with and maintained within tight limits.

The establishment of this fact is one of the most important
results of this hull study and is emphazised here.

During calm weather, the air pressure can be reduced in A
flight to lower values without danger of skin wrinkles appear-
ing anywhere. Even in turbulent weather, when near maximum
gust moments might be expected, the air pressure in the
studied hulls could be reduced down to 64% of the value of
pressure at maaximum allowable hoop stress, in the case of
MC-200 and MC-100, and by interpolation, all other hulls.
This reduction in pressure would not endanger the hull
structure or cause skin wrinkles to appear.

67

,...-" . ., -



NADC- 76238- 30

This does not mean that the hulls are overdesigned; rather
these margins are the consequence of using the minimum
practical gages of skin to maximum allowable stress, with
a factor of safety of 2 on the ultimate tensile strength
of Alclad 7050-.T76 Alloy. In effect, this design factor
of safety is lower than that which can exist at a lower
air pressure.

The purpose of this comment is to bring forth awareness
that there is nothing sensitive about the maintenance of
air pressure within close limits and also, that the hulls
are more tolerant of air pressure variations and in fact
stronger than required even for the highest gust moments
at full speed. The maximum air pressure is approximately
15 to 16 in. of water column in all hulls and is very satis-
factory for control purposes, particularly with modern
means of rapid response controls with their accuracy andde pen dability.
NASA Standardr air pressure ratio between sea level and

10,000 ft design ceiling of the studied hulls is:

1455.33
2116.22 -

The sea level supercharge hull pressure would reduce with
altitude to (15.539)(.6877) = 10.686 in. maximum of water
column for MC-200, still a relatively large number for
pressure, that could be reduced still further to (10.686)
(9357/15380) = 6.501 in. of water before wrinkles would
commence to appear under maximum bending moment loading.
All of these numbers, taken from section 8.1, neglect the
presence of longerons. The air pressure is lower in MC-200
than in other hulls, because the skin on top is the same
thickness as on MC-175 and MC-150 hulls, for the reason of
having to use a standard sheet gage. Therefore, there is
nothing demanding in the control of hull air pressure at
sea level or with altitude, even in the least favorable
case of the MC-200.

The above comments apply only to the hull structure for
lifting, excluding all structures for convenience that will
inevitably be inside all hulls of actual airships. It is
in this region that the hulls will be well provided with
structure for the purposes of supporting weight loads. This
structure will also unload the skin by supporting bending
loads that would otherwise reduce the skin longitudinal
tension. These effects will be positive but their magnitude
is not known at this time.

r. NACA 1235 - Standard Atmosphere, 1955
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The skin on the top of the hull is thicker than on the

bottom, commencing 300 below the equator on the port side,
around the circular perimeter of the hull to 300 below the
equator on the starboard side; in addition, a gas head
hogging moment is generated, increasing the tension on top
of the hull; this moment is expressed by:

Mg 7rkR 4 ftlb, at maximum hull section.

In part this moment is expected to be compensated for by
fixed weight load distribution in the hull to at least 0.8
of its maximum value; the design head moment is then:

= (.2)irkR 4 ftlbMgdes

This moment is used as a contributing load in section 7.1p

in determining the longitudinal skin stresses of MC-100
and MC-200. By interpolation, the skin stresses in the
other intermediate hulls, are closely comparable to the
stresses in the two boundary hulls.

The weight loads are collected directly and also indirectly
by structure at the bottom of the hull and transferred into
the circular continuous beam main frames which distribute
and transfer these loads as shear, into the hull shell skin.
The skin is supporting the gas lift forces opposing the
weight loads. In this transfer of forces, shear in the hull
shell skin is the principal mechanism of equilibrium between
lift and weight loads.

Upson proved analytically in 1924s that a Metalclad hull
lifted by a gas will retain its transverse circular form
as long as the lift forces are resisted by shears in the
hull, shell skin and that, in effect, no frames are necessary.
The main circular frames deliver shear to the skin and are
indispensable for this function. The secondary frames are
needed during construction of the hull and especially in
the adverse case of loss of gas pressure or even of air
pressure in an air sub-volume of the hull.

2.3 LOADS DUE TO SURGING. The lifting gas volume is
sub-divided into ceils byradial diaphragms and cell "float-
ing" semi-cylindrical envelopes, pressing on radial network
in the pl]anes of all main frames. When the hull is in
pitched attitude, the gas head in each cell increases, Fig. 8

General Calculations and Formulas for Metalclad Airship
Design, 1929, Aircraft Development Corp. Technical Report #29
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A ~ i

diaphragm

=2RT (iV+ ae

tho 2siE h + 2Rfsin as)-2)c

KPressure on side B: PB 2kR~cose-

Pressure on side A: PA kR1 ,r~ G.o®

Pressure between A and B: AP.AB 2kR~sinO

for E) 200, p) .342(2kR~

The pressure bulging the diaphragm at B will be 34% higher

than in level flight.

FI GURE, 8 Cell Pressure Diagram
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simply due to the increased vertical difference between
the top and bottom of a cell compartment. This causes ai:Inen-equilibrium loading on top of the radial network which,

S~in the upper half of the inner area of main frames, is
• integral. with the diaphragm, The diaphragm is forced to

Sbulge and the force's arising from this load are resisted
by frames. C.P. Burgesstanalyzed this case, also with adeflated cell, for ZR-l In reference t. is shown that

unbalanced gas loads do not lead to stresses in the main
frames that require additional structure or reinforcements
of frames; the frames are inherently structurally adequate
to sustain these loads in a typical case and at this time,
no further attention was given t.o this source of internal
loading. The cellular Metalclad main frames are expected
to be particularly effective in resisting this loading,

L., because the network loads are going to be more rapidly
dissipated into continuous beam frame structure, than would
be the case in skeletal truss frames. The analysis of gas
and air surging is not considered at the present time. At
this time radial network in the main frames is thought to
be sufficiently elastic and energy absorbing. Should sub-
sequent work conclude that hydraulic shock absorbers must
be used, they can be placed at each anchor joint on main
frames between the ball socket and the pivoting horn at-
tached to the network; this joint is shown on the layout
of the MC-200 (Appendix 14S).

'I,'

t!t.

The U.S. Navy Design MI~emorandum No.35-C.P. Burgess.
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.3. MAIN FRAME ANALYSIS

3.1 SECTION C1JARACTERISTICS.* All main frames have
a triangular cross-section, with the circumferential base
being a base skin, thicker than the adjoining local hull
skin. The apex is connected to the base by continuous',
sloping shear webs made of straight-sided corrugations.

All main frames are continuous circular beams. This is a
departure from the skeletal deep frames of R-10l and of the
AKRON and MACON airships. In Metalclad construction, the
main frames are loaded continuously along their periphery,
by lift forces, shear forces and weight (load) forces. This
basic character of loading calls for a continuous circular
beam which can support all these forces continuously, element-
by-element of its periphery and is the lightest structure for
this purpose. A view of a main frame is shown in Figure 2,

'section 1.1, and is typical for all main frames in all hulls.
The geometric height (base to apex of sides)of all main framens

is hmf .108 R1, except with a minimu'if of hm= 96 in.
wodThis catter heigat is then constant at all hull radii that
would call for a lower height of frame for the convenience of
human access, The structural height is set at hmf 9 5)h1lf.
This is the height from the base, on center line ol' the section,
to the top of' the apex cornice. The apex angle of all frames
is 440 total, 220 on each side of the section center line.

The apex cornice is composed of two rolled sections, as illust-
rated, joined together by the corrugated sides of the frame.
The apex cornice is, in effect, a non-circular tube in its
section, curved to the radius of the apex cornice relative to

U; the hull curvature. The base cornices are preferably ex-
trusions, curved to the local hull radius and riveted to the
corrugated sides of the frame. The base structure is a part
of the hull shell skin, although thicker than the local skin,
as is described in section 5.** An essential component of the
base structure are the longerons, located externally with res-
pect to the skin, but attached to the base skin of the frames
as well as to the base cornices.
Each main frame is directly attached to the skin at every
element of its perimeter and receives the lift loads from the
skin as well as transfers loads to it by shear. The weight
loads are (at this time) assumed to be at the lowest rart of
each frame, as a distributed load of high intensity
The analysis assumes the weight load to be concentrated at two
stations on the bottom of each frame x = 22.50 on each side
from x = 00, as shown in Figure 9. This is a highly conser-,
vative assumption. Similar conservative measures are taken
* Also refer to Appencliccs A, , an(i C. **Figure 16
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z -skin -main frame
-~ -~,- ~ ~ \. ongeron

.sec frame

% n...-diaphragm
--membrane

FI(ThPF 9 Loading of a Main Frame

often in this report. In the final design of each hull, some
weight can he el.iminated1 in the lifting, structure and taken
up by the weight-load supnorting structure.

No so'lution was found i.n'existing literature researched by TI
for a circular heam WMain) frame, load-ed by a distributed
weight-load at its lowest arc an unloaded by shear flow
into the hull svin all along its neriweter. The shear flow
into the sridn is indicated ir Figure 10-13, on one half of a
frame, tynical for both sides of the frame. The shear load
on each sidle of the frame is V/2 (or V/4) of what is shown in
Figure 10-B. The shear loa~d into the sin is 7eoa tto
0 and ii. At station 7r/2, the shear load into the sk~in is
maximum and eqiual to 1:12, or F/4 on each side of the frame.
A frame, loaded in this manner will have high negative bend-
ing moments at the station of load "F" apnli~cation; along
the rest of the frame nerimeter, the bending moments will be
lower, as indicated schematically in Figure 10-A..

Thec solution to the analysis of the above frame loading prob-
lem was resolved by using, a known solution, based on the
assumpntion that all, lifting forces- are directly on thc frame
instead of on the hull skiAn. The loading, is indic'-itecl on
Pipure P. Eqcuatioens for a circular beam of C-ilgure 9, are . n
R. .J. floarl-'s boolk "Forinulais For Strnss And Strain, u

"uF1or~mulas For Stress; And Strain, 11. .3. Roar] , F1ourth 1Edi tion,
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page No. 177, Case No. 23, for 0=7r.

The formulas for Case No. 23 are used for computing bending
moments, shears and diametral deformations of main frame

334.50 of NIC-200 hull, by way of example. The Case No. 23 is
directly applicable for a Metalclad hull, with k, (specific
lift) negative and force F reversed in direction. The
formulas of Case No. 23 are repeated here for record. The
analysis itself is not included. Case No. 23, as shown in

Figure 10-A, compared to the actual loading of main frames in
a Metalclad hull, is unduly severe; yet, the frame of the
example is more than adequate to support the loading with only
very small deformations. The severity of the frame loading
is first caused bv the concentrated weight-load at one
station, 0o, which will not likely happen due to the nature
of weight-load carried by airships; the second cause of high
loading is due to the tacit assumption that all availableI;" lift is acting directly on the frame, instead of on the hull
skin and in reality, is always unloaded into the skin by
shear flow from the frame beginning immediately at station 0O0
In the assumed loading case No. 23, all lift is acting on
frame segment ff/2 - r, where in actual loading, only 1/2 F is
acting at station ¶/2 and from then on, is directed into the
hull plating, so that all hull shear from weight-load F, is
zero at station Tr.

The snecific lift k', as shown in formulas under 3.2 and 3.3,r:; is a reduced nominal specific lift at s2,, due to the direct
lift of the hull structure by the gas; in effect, the lift on
the frame, suprorting weight loads, is reduced by the weight
of: (See Figure 9)

1 1. The main frame.
2. Weight of skin of the hull section corresnonding

to the frame.
3. Weight of two secondary frames.

ils-i: 4. W1eight of longerons of the hull section.
5. Weight of diaohragm and membranes of the hull section.

The sum of these weights is lifted directly by the gas and is
deducted from the total lift of the hull section, based on
the gross displacement volume of the hull section minus air
volume contained inside the main frame.
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For a main frame at maximum hull diaimeter of MC-200, the above[ weights are:

lb

1. 9,383

2. 17,810

3. 2,596

4. 4,928

51 3,885

EW: 3.8,602 l b

Total volume of the hull section of length l1: 3,399,251 ft3

Air space in frame VF 16,754 ft3

Lift of hull. section of length 1g:

LT-k(VQ - VF)=-0 653 5(3 ,399,2 51 16,754), lb

=.06535 C 3,382,497), lb

LT 221,046 lb at sea level, full~y inflated hull.

Net lift on the main frame:

LN kcV0 - VF) - EW -182,444 lb

Hffective specific lift for the support of weight loads on
the main frame:

k LN 182,4443k VO ---V 15, ,382,497 .0539377, lb/ft3 at sea l~evel

Weight load 'IF" is assumed to be concentrated at one station,
r. 0 t= 22.50, on each half of the main frame,

F .LN .1.82,444 .91,222 1b, as shown in Figure 10.2 2

This is a very conservative assumption and. is taken deliber-
ately in this case.

With the aid of equations referenced in 3.2 and 3.3 aboilp,
MOMen~ts and shears wore' computed at tonl stations along the.
scnii-peril~herv of thc frame, using the radius of the neutral
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axis of the frame in the inflated hull, R - RN= 98.8283 ft.

The computed moments and shears are tabulaited in Table 1 and
Table 2 respectively.

TABLE 1 Bending Moments 00 - 1800

Station x° MLO x) ft lb

0 -1,401,834

22.5 -1,675,048

40.0 + 3,110

60.0 +1,125,595

80.0 +1,439,252

100.0 +1,137,136

120.0 + 423,488

140.0 - 352,084

160.0 - 939,054

180.0 -1,156,437

TABLE 2 Radial Shear 00 1800

Station x VY( - x), lb

0 0

22.5 -( 0- ): -17,978 1l
[ 5 -8 ( ): +61,460 lb

40.0 +45,032

60.0 +20,282

80.0 - 1,233

100.0 -16,165

.3.20.0 -22,710

140.0 -20,857

160.0 -12,287

180.0 0
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The moments and shears are plotted along the frame neutral
axis circle in Figure 10 and on a straight abscissa equal to
semi-perimeter, in Figure 11.

The highest bending moment arises at 0 22.50 station of
concentrated weight force "F" N1 : -1,675 ,048 ft lb.
In an actual condition of hull 1oaaing, this weight force
would be distributed between at least + 300 stations along
the frame perimeter, with respect to station 0, and the
moment would be lower.

Maximum stress in the frame at station 0 22.50 is compression
in the apex cornice of the frame:

MOCF (l,675,048) C12)(80.92) 3OC .. ,- 36,353 lb/in2
A~ 44,742.7 compression

This stress is higher than maximum allowable, d=32,850 lb/in.
considering the severity of loading assumption, it should not
be necessary to reinforce the apex cornice.

At station x - 1100, where the next highest bending moment is,
tension in the apex cornice would be:

(1, 439252'(12)(80.92) 23Sl/n eso
(l432syr2~~n =2 31,235 lb/in2 tnsoA1 10  44,742. 7

At this station as in other perimetral stations, the apex
cornice will not require reinforcement. The frame can be
reduced in height all along its perimeter from its present
structural overall height of 118.98 in.to no more than 100.Oin.
with considerable weight saving. Instead of the geometrical
height of main frames equal to (.108) RT, which is the given
criteria for analysis as shown in Figure 2 Section 1.1 and 3.1
it is proposed to wake it in actual design (,0925) RT.

The moment distribution in Figure 10-A, indicates that the
main frame should have a constant height all along its per-
imeter. However, Iigure 10-B suggests that all main frames
should be designed deeper at and around station x =00, and
progressively less deep toward stotion ii. The most attractive
solution would be to place the center of the apex cornice
circle above the center of the circle of the base cornices.
Whether the gain in lightness will justify the cost of this
design will have to be demonstrated.

The corrugnted shear sides of the frame cross-section triafigle
will be made heavier locally around station x =- 0-0, the
highest shear load on each side of the frame above the
equator is approximately 1,100 lb/ft, which is well within
the carability of .032 in. thick shear sides and also points
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toward reducing the height of the frame, as noted above.

Preliminary analysis tends to confirm the justification of
* reducing the weights of all main frames to 80% of their

computed values as stated in Section 10. The weight reduction
will be probably even more favorable in the final analysis,
once the method of computing frames based on Figure 10-B is
developed.

3.4 FRAME BEHAVIOR. The main as well as secondary
frames in metalcla]d hulls have a unique behavior. When the
hull is deflated and without pressure, the base skin along
the frame perimeter is practically inactive. Neglecting for
the time the effective width of the base skin, the neutral
axis of the frame section is located very closely at mid-
height of the frame cross-section.

When the hull is inflated with pressure, the base skin of
all frames (as well as of longevons), becomes fully effective
structurally. The frames are then capable of supporting
compressive stresses in their base skin to almost the full
vialue of the allowable stress (oA = 32,350 lb/in2 ), because
this stress is equal to the hoop "ension stress due to
pressure. The effective area of the frame section increases
at the base and the moment of inertia of the frame is higher.
The neutral axis of the inflated frames moves toward the base,
and its new location is approximately 1/3 of the structural
height of the frame. The distance to the apex cornice
increases, but the apex cornice stress remains almost constant.
However, the rigidity of the frame is greater under hull
pressure than when the hull is deflated. This is an important
factor in reducing the radial deformations of all main frames;
as the inflated airship is being loaded in preparation for
flight the outwardly displacement of the neutral axis of main
frames to a greater radius, is a powerful factor in making
the frames more rigid under weight loads, because frame
deformations are a function of the fifth power of the frame
neutral axis radius.

3.5 DIAPETRAL, DEFORMATION OF MAIN FRAME NO. 334.50 Of
MC-200 (largest diameter frame), The typical main frame
analysis as described above is dealt with as if the frame were
loaded alone, without a metal hull; this is the first highly
conserxative basis, because in the hull, the frame will be
unloaded by shear on the sides of the hull, which is a far
more favorable condition than loading it by distributed lift
at the top of the frame, as the analysis assumes. The second
conservative assumption is the concentrated weight loading
at the bottom of the frame; this load is going to be more
distributed and the high bending moment and shear in this
vicinity will he alleviated, although the rest of the frame
circumference should not he affected too noticeably by better
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distribution of weight loads at the bottom. The third conserv-
ative assumottion is the frame height parameter (.108R );
analysis shows this to be more realistic at .0925 R ,long its
total perimeter. The skin shear unloads the frame Tapidly into I"
hull skin and the frame will not he as severely loaded in the
hull as is assumed in the anlysis according to Case No. 23u
from which the frame deformation formulas are used.

From Figure 12, the moment of inertia of a main 'rare of
PC-2nn, at station 0 22.50, is I 44,742.7 in

.- with deflated hull
2 -...... With inflated hull

1224-RT •". 5. 741 (.1 0 8 )RT

NA J 72.91
-i 118.98 Section area when

B e7. 67 inflated:
N A"110.7 A0 -15.321 in 2

Baser N A i.7,

nice 8 06 Moment of inertia:
A2 (.2)C?.6 2 ,__.. 2 l 44,742.7 in4

.. 49.5. Skin *5 Skin

S.. ... . 144 . 2

FIGIJURE 12 Section Of Frame No. 334.5 Of MC-200 At
Station e 22,50, Maximum Moment Station

In the absence of more realistic, analysis, the deflections as
determined below are used to determine the weights of main
frames in otner than MC-200 hulls, by extrapolation. However,
as explained in Section 10 these weights have been "Adjusted."

In Figures 12 and 13 are shown a typical main frame with the
hull inflated and deflated. The width of base will not alter
significantly with changes of inflation, but the base skin
will move radially outward under hoop tension, (shown at full
value of the hull skin). Although the thicker base skin will
.reduce the base radial deformation to between one half to one
third of the nearby skin deformation, even in this overstated
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2210
440

IIf

Rr '2lS5 ,,with hull deflated

T|

I / 3.11 li-' with hull inflated
I ~iaximum

/J
Fi,

/de flwctef
icorrugato s

V -*8. 888 ft.- ---.-.-- T 25 ft elastic deflection
hull skin at the base

FIGURL 13 Typical Main Frame Under Radial Deflection
Of The Hull Shell.

example, the corrugated sides of the frame will deflect
elastically less than one half a degree in a length of 11.863
feet.

In Figure 12, is indicated the change of section properties,
typical of all structures attached to skin in metalclad hulls;
with pressure in the hull, the base skin (thicker than local
skin) comes into effect and the neutral axis moves radially
outward from' its location in deflated hull; in this case,
the neutral axis moves 17.67 in. The moment of inertia
increases outwardly from deflated to inflated, state; the
maximum bending stress remains substantially unchanged, while
the frame rigidity increases.

The maximum bending moment stress on frame 334.5 at sta. 0=22.50
is: O 36,353 lb/in2 , computed in Section 3.1,

under the severe assumpition that all weight is concentrated at
two stations 0: + 22.50. If this stress should actuolly
exist, the an)ex cornices at these two stations would be
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locally reinforced and everywhere else along the whole f~ame
perimeter the cornice areas would reduce to A1 = 3.17 in
minimum, or a mean value of reduction of:

S3.17)(2) + (5.2)(2) 8.37 in 2 Total mean cornice area.2

The cornice area of the frame section can be scaled down to:

8.37
1.0.4 iý = .8048, or

"80% of the maximum section area, for the determination of
frame weight. The effect of the corrugations contribution to
the cornice strength was disregarded at this time. The apex
cornice is effectively a tube and the base cornices are
extrusions.

The major characteristic of all Metalclad frames is the
capability to easily adjust to radial skin deformations due
to inflation pressure. At the same time, their stiffness
in all transverse directions is increased by a large factor
without significant change in the maximum bending stress.
This is a desirable quality of Metalclad shell structures.

In Table 3 are arranged all gas lift loads on all main frames
in each hull for sea level lift with fully inflated hull.
These maximum static lift loads, corresponding to each frame
are total lift loads, before the weights of directly lifted
structures are deducted, as is done in the example case of
Frame No. 334.5 of MC-200, of this section.

The hulls cannot fly with fully inflated cells at sea level,
yet the frame analysis is baseý on this condition, because
for test purposes in the dock, this case will arise, with
a hull tethered at each main frame.

Normally, the hulls will be always inflated to less than their
complete fullness, for flight below a fixed ceiling altitude.
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4. SECONDARY FRAMES

4.1 DEiSCRIPTION Secondary frames serve the purpose
of stabilizing theieongerons in deflated hulls. With pressure
in the hull, their presence is entirely redundant. The
principal stabilizing structure for the longerons is the skin,
and if reliod upon exclusively, the skin would have a ten-
dency to become non-circular in hull cross section when de-
flated and the stabilizing restraint on the longerons would
disappear. Secondary frames hold the skin to a substantially
circular hull cross section and therefore, the longerons are
also held radially to their peripheral locations. The import-
ance of this structural function becomes clear when it is
understood that as long as the longerons are positioned radi-
ally by the frames, main as well as secondary, they maintain
along their length a positive longitudinal curvature. Any
axial compressive load on them will cause them to deflect
outwardly with respect to the hull surface and this deflecti.on,
however small, even in a deflated hull, will be resisted tan-
gentially by the skin thus stabilizing the longerons.

The function of all secondary frames is principally to hold
the hull skin to a circular cross section. This function
requires that secondary frames have sufficient height in
section to obtain as high a moment of inertia with as little
weight as possible. In this analysis, the computer program
was a good guide and the height of all secondary frames was
established at (.0125 ) RT at all. stations. A typical cross
section of a secondary frame is shown in Figure 3 cfi Section 1.
It is similar in design to the main frames, but lower in heigh
and uniform in section all along its perimeter. The upper
half of each secondary frame is submerged in lifting gas,
while the lower half is in the air space. At a small angle
above equatorial plane on each side of the hull, the secondary
frames are divided by an internal, bulkhead, pressed out of
sheet metal., acting as a separator between gas and air spaces,
and serving as a back-up for the attachment of the cel-l mem-
brane to the secondary frame, a typical installation appears
on the layout of MC-200.

A typical secondary frame is a continuous circular beam of
cellular concept, composed of an apex cornice, two base cor-
nices and t:wo corrugated sh 8 ar webs connecting the apex to
the base cornices with a 44 angle at the apex.

All secondary frames have a thicker gage than the local skin
base to reduce the slopes of deflection of the skin on both
sides of each secondary frame. When inflated, the base skin
becomes an integral part of the frame similarly as happens in
main frames.
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5. LONGERON DESCRIPTION

5.1 INTRODUCTION. Most of this section is devoted to

the analysis of a longoron in a hull subjected to uniform
pressure. For MC-200 the calculations extend over nearly
the whole length of hull, while for MC-100 they are limited to
only three frame bays.

A longeron is treated as a beam on an elastic foundation
provided by skin. The frames constitute a row of interacting
elastic elements. The effect of the axial force due to the
longitudinal pressure component is important, because it gives
the system an additional stiffness in the radial direction.
The presence of an axial force makes the system nonlinear
and necessitates the use of iterative solution.

A condition is also considered, where pressure completely
escapes from one cell. This causes the longerons to lose
much of the support the skin is providing. A conservative
approach is taken to clearly demonstrate the adequacy of the
structure, when acted upon by a gust.

"5.2 COMPUTER ANALYSIS OF TYPICAL LONGERON SEGMENT
UNDER INTERNAL PRESSURE. The hull is uniformly pressurized
with p = 0.976 lb/in . The geoinctry shown here does not
exactly correspond to any part of the ship and should be
treated merely as an illustration of the method of analysis.

Structural Components. (Refer to Appendices "D" "It" , "1" for
longeron models).

Longe ron

C, A = 5.889 in 2

20.0 1 = 261.7 in.4

TC, 13. 33"1
"C2  1

C 2  6.67"1
2 3.09.

FIGURE 14 Longeron Geometry

Section is considered to be constant along the length,
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z

A-.56 in
2

010"
128

-7.12 in2

FIGURE 15 Main Frame Section Geometry

Longeron spacing 320.4"1 (on circumference) for 24 Longerons
Framo spacing = 432"1 (av.)

If this geoometry was duplicated at every frame bay, this
analysis would be valid.
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FIGURE 16 Typical Hull Structure Relationships

,,-Secondary Frame

-Doubler I

Se am

------ Skin Pane'. --Doubler

P~ain
Frame

Skin assumed .045 in thick

z/\Longeron
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5.2.1 Stiffness of Foundation Snrings. The curvature
of skin, which results in its stiffness in radial direction
is accounted foi in the model by a series of equivalent springs
supporting the longeron (see Figure 17).

The spring constant of skin is given by:

ko 2irEt (per unit length of hull)! zR
When this is multiplied by the impingement length of a node,
the equivalent lumped constant is obtained:

k z- 2TrEtli = koli

This is true only at the line of contact with the frame, where
the skin is forced to remain circular. k diminishes
gradually, when moving away from the frame. Here k is assumed
zero at mid-length of panel, x = 216.0". When x' is measured
from node 3: (contact point with a frame)

k = ko (1-x'/164)

2r2r x 10.4 x 106 x 0.05
= 48 x 1224 1 55.61 lb/in2

(Unlike in the rest of this section, skin thickness is
assumed to be 0.050" and 48 rather than 24 longerons are used.)

TABLE 4 Stiffness of Foundation Springs

Ne'i k Ik
Node in lb/in2  in lb/in

10 52 37.98 13 493.7

11 26 46.79 26 1216.5

12 0 55.61 25.5 1418.1

13 25 47.13 25 1178.2

14 50 38.66 25 966.5

15 75 30.18 25 754.5

16 100 21. 70 25 542.5

17 125 13.22 32 423.0

18 164 0 19.5 0
k 55.61(1 - x'/164)
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5.2.2 Applied Forces. Total cross section area

for R 1224":

AT - 7 x(1224 2  4.7067 x (10) in 2

Axial force due to pressure p = 0.976 Iýsi:

N - pA - 0.976 x 4.7067 x 106 = 4.594 x 106 lb

Metal area for skin of 0.045" and 24 longerons:

A = 2iRt + zA = (27r) x(1224) x(0.045 + (24) x .88 -- 487.4 in

Axial stress:

at = 4.594 x 106/487.4 - 9426 psi

Axial force in a longeron:

N - 5.889 x 9426 - 55,507 lb

This force is applied to the longeron at node 1 and reacted at
node 9.

Upon inflating the hull with pressure, there is a gap A
between the skin and the surface of frame. (This is only at
the first stage of solution.) The magnitude of this gap is
calculated in the next sub-section. The forces applied to
nodes 20 and 3 (equal and opposite) are P = 20,000 lb (each).

5.2.3 Representation Of Frame And Initial Gap. The
frame subjected to uniform pressure loads is "'a ring in the
state of nearly constant tension. The radial stiffness of
such ring is:

k = I3AZR

in which A is the frame section area and n is the number of
equally sp~ced radial forces.

k ff2 x 10.4 x 106 x 17.0
k f _ _24 x 1224 - 37,835 lb/in

Only one-half of this value is assigned to the spring 20-21
representing' the frame, because node 3 is one of the two
contact points of this frame with skin. (see Figure 18)

The initial gap between skin and frame

A= R2  0.976 x 1224210.4 x 1"0 xO0." 3.124"

" [ .q93
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The interaction force P1 is then applied at nodes 3 and 20
with the purpose of closing the gap. The magnitude of this
force is not known beforehand and whatever is chosen will be
too large or too small. In order to avoid that difficulty
a nonlinear element is inserted between nodes 3 and 20. This
arrangement limits the magnitude of the interaction force
imposed on the structure to the value needed to close the gap.

Longeron

Nonlinear

A --Gap
2 Element

20
Spring
Representing

kf/2 Frame

21 -_ (Stiff 40 in "ansys" Library)
*Ansys is computer program used

FIGURE 18 Computer Model Of Gap Between Skin and Frames

The gap element consists of a gap of magnitude A and a rigid
spring,'10 x 106 lb/in is used here. When the interaction
force P tries to pull points 3 and 20 together it will have
no resistance from the rigid spring until the gap closes and
a very large resistance thereafter sets in.

If Pmin is the minimum interaction force closing the gap, any
P>Pn may be used as input.

5.2.4 Summary Of Computer Run. Determination of the
effects of tho-lateral load when the axial force is present is
a nonlinear problem, which requires an iterative solution.
Three iterations were carried out and the printout showed that
two were sufficient in this particular case.

94494t.4
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The interaction force is:

P1 15,124 = 30,248 lb

The axial force in the frame is:

Nf w 4x3 4 115,540 lb

Axial stress is:

of =Nf/Af 115,540/17.0 =6,796 psi, (not critical)

The effects of lateral load, i.e., bending moments and stress

K are shown next.

TAB3LE 5 Longeron Deflection

-yat 3  M air,
Node (in) (psi)- -110 lb/in)- (psi) (psi)

1 2.394 9,420.1 133.29 2,631.6 12,814.3

2 2.378 9,420.1 164.87 19023.1 13,618.6

3 2.325 9,407.6 273.79 -4,540.3 16,379.6

4 2.198 9,404.0 86.951 4,975.6 16,376.

[5 2.054 9,395.0 -34.177 11,136. 8,524.7

6 1.920 9,387.9 -106.19 14,796. 6,683.7

7 1.811 9,383.6 -143.37 16,685. 5,732.6

8 1.737 9,381.2 -157.79 17,417. 5,363.1

9 1.693 9,380.3 -155.50 17,300. 5,420.5

y =lateral deflection

at =tensile stress, 9,426 lb/in, for undeformed form

M bending moment

':. a:p 4ETi:ci resultant stress, outer chord ~'~~>:~ f
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rho largest tensile stress is 17,417 psi, which is well below
the allowable 32,350 psi. No reinforcement is required.

The largest compression, 4,540 psi, is insignificant.

5.3 HULL GEOMET'RY, MC 200. The main portion of the hull,
which extenTss'bet wen frames No. 5 and No. 26 is described
with the set of parameters shown in tables 6 and 7.

Station -- distance from the tip of the bow, in feet.

x = station in inches.

R - outer radius of hull.

L = length of frame bay.

t - skin tbickness.

R1 , R2  radius on the left and on the right side of the frame
bay. (Bow on left.)

i'1 •2 half of the distance between corner nodes of frame,
on the left and right ends of bay

A = cross section area of the metal at the left end of a frame
bay.

The dimensions of typical longeron sections and the chlange of
depth along the length is shown in Figures 19 and 20.

96
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TABLE 7 Hul2 Parameters II

Frame L t R1  R2 12 bl k
Bay (in) (in) (in) (in) (jA) (in)3 (n) (lb.7n)

5-6 439 .038 956 1,044 40.38 7.4 29.85 30,759

6-7 406 .040 1,044 1,115 7.4 7.4 31.37 9,630

7-8 447 .042 1,I15 1,173 7.4 49.55 34.78 9,630 I
8-9 436 .045 1,173 1,200 49.55 7,4 28.08 27,297

9-10 392 .045 1,200 1,221 7.4 7.4 30.20 9,630

10-11 432 .045 1,221 1,224 7.4 51.70 33.53 9,630

11-12 434 .045 1,224 1,221 51.70 7.4 27.55 26,649 K
12-13 401 .045 1,221 1,216 7.4 7.4 30.95 9,630

13-14 417 .045 1,216 1,208 7.4 51.02 32.28 9,630

14-15 436 .045 1,208 1,187 51.02 7.4 27.83 26,844

15-16 397 .042 1,187 1,168 7.4 7.4 30.62 9,630

16-17 419 .042 1,168 1,146 7.4 48.41 32.45 9,630

17-18 430 .042 1,146 1,110 48.41 7.4 27. 76 27,655

18-19 385 .040 1,110 1,080 7.4 7.4 29.62 9,630

19-20 425 .040 1,080 1,035. 7.4 43.72 32.95 9,630

20-21 441 .038 1,035 978 43.72 7.4 29.46 29,332

21-22 382 .036 978 926 7.4 7.4 29.37 9,630

22-23 439 .034 926 858 7.4 36.24 34.12 9,630

23-24 433 .032 858 765 36.24 7.4 30.04 32,875

24-25 396 .028 768 672 7.4 7.4 30.53 9,630

25-26 388 .024 672. 562 7.4 23.74 29.87 9,630

100
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[['ABI]! 7 Continued.

(k.Y.- L2 N A NoIn ___

IlbTn) (in) (10 6 Nlb) (in 2) (1Ii) .(lb..n)

9,630 34.12 2.802 268.2 17,370 108.2 99.1

9,630 31.37 3,342 322.2 25,870 104.3 97.7

27,297 28.99 3.812 374.0 33,890 102.6 97.5

9,630 33.87 4. 219 42.1.5 34,090 104.5 102.1

9,630 30.20 4.415 419.1 35,030 102.1 100.3

26,649 27.38 4.571 425.0 35,760 100.3 100.1

9,630 33.70 4. 594 425.9 35,870 100.1 100. 3

9,630 30.95 4.571 425.0 35,760 100.3 100.8

26,844 26.25 4.534 423.6 35,590 100.8 101.4

9,630 33.87 4. 474 421.4 35,300 1.01.4 103.2

9,630 30.62 4.320 393.0 36,550 96.3 97.9

27,655 26.85 4.183 388.0 35,850 97.9 99.8

9,630 33.37 4.027 382.2 35,030 99.8 103.0

9,630 29.62 3.778 358.8 35,010 98.1 100.8

29,332 28.13 3.576 351 2 33,860 100.8 105.2

9,630 34.28 3.285 326.9 33,410 I00.0 105.8

9,630 29.37 2.933 301.0 32,400 100.2 105.8

32,875 30.54 2.629 277.6 31,490 100.0 107.9

9,630 33.62 2.257 252.3 29,740 101.S 113.9

9,630 30.53 1.794 194.4 23,020 99.7 113.4

43,844 28.37 1.385 141.2 16,310 97.2 116.3

101
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Three typical Jongeron sizes appear in the analysis:

Al Equi lateralTrage

12 tl ~age

t 0.080" (typ.)

FIGURE' 19 Typical Longeron Section

12 3,325 53.204 13.856

9 2.494 22.445 10.392

6 1.663 6.650 6.928

A =313t; I - 4-0t; B =2H

The longeron is of constant section (12 in.) between frames

7 and 24:

6" 9' 12"1 12"1 ______ 12"__ 9,1__ 6_____-

5 6 7 8 23 24 25 26

F1IGURFH 20 Longeron Height Variation

1.02
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The dimensions of elements shown here are obtained as a result
of preliminary calculations based on pressure p = 0.976 psi
and the allowable, cross area stress in tension of 27,600 psi.
In particular, the following simple equations were used to
determine the amount of material used.

tmin - R/28,279 skin thickness from hoop tension

Nf - 122 R, axial force in main frame

Mf = 9485 R, bending moment in the main frame

h 0.1046 R, effective depth of main frame

r o 27,600 Nf + to determine the area of main
ff Afh ' frame

Af R/282.75, section area of secondary frame

R inches

The values of Nf, Mf, h and Af are shown in Table 6.

5.4 FINITH-E!AEMBNT MODEL -OF LON PBRQUP
ONDITTON. MJC 200. The model of longeron extending over

major portion of hull is essentially a repetition of the model
in Fig. 17 over 21 frame bays, or 42 times. Fig. 21 shows
a segment of a longeron extending over a bay which has a main
frame on the left and a secondary frame on the right Fig. 22
shows the numbering over the first four bays only the node
numbers located on the lon geron are shown. A main frame is
always followed by two secondary frames.

The maximum radial stiffness of skin per unit length k is
calculated by Eq. (2) and shown in Table 7 as k 1 and
ko 2 (left and right end of bay respectively, when tfe bow is
on the left). It is also used in the determination of con-
stants of the springs representing the skin, but in somewhat
different manner than was done in Section 5.2. The constant
of a discrete spiing located in the immediate vicinity of a
frame is

k k
i oli

While for the springs which are farther away than one node
space from the frame corner:

!ki = koli4

103
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Table 7 shows the constants of all pertinent springs.

Regardless of the frame type the radial stiffness is deter-
mined by

kf f

kf 2Tr x 10. 4 1.6A
24o - 2.7227 x 106Af/R

The secondary frames are sized according to A 1/282.75,

therefore

kf 9,630 lb/i.n

The calculated values of k, are shown in Table 6. When
denoted by kf1 and kf2 in 'l able 7 , these values represent
the frame rigidities on the left and right of each bay,
respectively.

Quantities b and b2 appearing in Table 7 are the node
spacing accoodingto Fig. 21

104
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TABLE 8 Spring Constants

____i Frame k'
Node (in) No. k/k (lb/in)

1 10.10 5 1,092

2 20.19 2,185

M3 25.02 2,707

4 29.85 3,230

5 29.85 .5 1,615

6 29.85 .5 1,615
7 29.85 .5 1,615 I
8 46.91 5 .*2$538

9 49.04 6 .5 2,430

10 34.12 .5 1,691 :4'

11 34.12 .5 1,691

12 34.12 .5 1,691 A

13 34.12 .5 1,691

14 20.76 2,057

Sis 7.40 733

16 7.4 733

S17 7.4 772

18 19.39 2,022

19 31.37 .5 1,636

20 31.37 .5 1,636

21 31.37 ..5 1,636

22 31.37 .5 1,636

23 47.05 6 .5 2,454

10
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TABLE 8 continued-

Frame k,

Node (in) No. k/k 0  (lb/in)

24 47.05 7 .5 2,298

25 31.37 .5 1,532

26 31.37 .5 1,532

27 31.37 .5 1,532

28 31.37 .5 1,532

29 19.38 1,893

S30 7.4 723

31 7.4 723

S32 7.4 759

33 21.1 2,165

34 34.8 .5 1,785

35 34.8 .5 1,785

36 34.8 .5 1, 785

37 34.8 S 1,785

38 49.3 7 .5 2,529

39 46.4 8 .5 2,262

40 29.0 .5 1,414

41 29. .5 1,414

42 29. .5 1,414

P 43 29. 2,828

1444 26.9 2,623

45 24.8 2,418

46 24.8 2,418

108
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TABLE 8 Continued

S1. Frame kt

Node (in) No. k/ko (lb/in)

47 24.8 2,592

S148 26.4 2,759

49 28.1 2,936

50 28.1 .5 1,468

51 28.1 .5 1,468

52 28.1 .5 1,468

53 45.0 8 .5 2,351

54 47.9 9 .5 2,445

55 33.9 .5 1,731

56 33.9 .5 1,731

57 33.9 .5 1,731

58 33.9 .5 1,731

59 20. 7 2,113

S60 7.4 756

61 7.4 756

S62 7.4 756

63 18.8 1,919

64 30.2 .5 1,542

65 30.2 .5 1, 542

66 30.2 .5 1,542

67 30.2 .5 1,542

68 45.3 9 .5 2,313

69 45.3 10 .5 2,272

" j[ 109
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TABLE 8 cont.nued

Frame k,
Node (in) No. k/ko (lb/in)

70 30.2 .5 1,515

71 30.2 S 11sis

72 30.2 .S 1,515

73 30.2 I5 1,51S

74 18.8 1,886

S75 7.4 742

76 7.4 742

S77 7.4 742

78 20.S 2,056 1
79 33.5 .5 1,680

80 33.5 .5 1)680

81 33.5 .5 1,680

82 33.5 .5 1,680

83 47.2 10 .5 2,367

"84 44.1 11 .5 2,207

85 27.4 .5 1,371

86 27.4 .5 1,371

87 27.4 .5 1,371
€,88 s 27.4 2,743

•!:M89 26,6 .2,663

90 25,8 2,583
l 91 25. 8 21583

110
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TABLE 8 Continued-

V Frame k'
Node (in) No. k/k 0  (lb/in)

92 25.8 2,583

M93 26.7 2,673

94 27.6 2,763

95 27.6 .5 1,381

96 27.6 .5 1,381:

97 27.6 .5 1,381
98 44.4 11 .5 2,222

99 47.5 12 .5 2,382

100 33.7 .5 1,690

101 33.7 .5 1,690

102 33, 7 .5 1,690

103 33.7 .5 1,690

104 20.6 2,066

Slos 7.4 742

106 7.4 742

S107 7.4 742

108 19.2 1,926

109 31.0 .5 1,555

110 31.0 .5 1,555

Il1 31.0 .5 1,555

112 31.0 .5 1,555

113 46. 4 12 .5 2,327

114 46. 4 13 .5 2,339

iIi
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TAWJE 8 continued

Frame k'
Node (in) No. k/ko (lb/in)

115 31.0 .5 1,562

116 31.0 .5 1,562

117 31.0 .5 1,562

118 31.0 .5 1,562

119 19.2 1,935

S120 7.4 746

121 7.4 746

S122 7.4 746

123 19.8 1,996

124 32.3 .5 1,628

125 32.3 .5 1,628

126 32.3 .5 1,628

127 32.3 .5 1,628

128 45.4 13 .5 2,288

129 42.4 14 .5 2,150

130 26.3 .5 1,333

131 26. 3 .5 1,333

132 26.3 .5 1,333

133 26.3 2,667

M134 25.9 2,626

135 25.5 2,586
136 25.5 2,586

137 25.5 2,586

112
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TABLE 8 Continued-

Frame k
Node (in) No. k/ko (lb/in)

M138 26.7 2,707

139 27.8 2,819

140 27.8 .5 1,409

141 27.8 .5 1,409

142 27.8 .5 1,409

143 44.8 14 .5 2,271

144 47.8 15 .5 2,466

145 33.9 .5 1)749

146 33.9 .S 1,749

147 33.9 .5 1,749

148 33.9 .5 1,749

149 20.6 2,126

SiSO 7.4 764

151 7.4 764

S152 7.4 713

153 19.0 1,830

154 30.6 .5 1,473

15s 30.6 .5 1,473

156 30.6 .5 1,473

157 30.6 .5 1,473

158 45.9 iS .5 2,210

159 45.9 16 .5 2,247

160 30.6 .5 1, 498

S.... . . . ..-- , ... .
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TABLE 8 continued-

,y 1, Frame k
[Node (i,) No. k/ko (ib/in) :

161 30.6 .5 1,498 1.

162 30.6 .5 1498

163 30.6 .5 1,498

164 19.0 1,860

S165 7.4 724

166 7.4 724

S167 7.4 724

168 19.9 1,948

S170 -2.5 .9 1,591
171 32.5 .5 1,591

172 32.5 .5 1,591

173 45.9 16 .5 2,247

174 43.1 17 .5 2,151

175 26.9 .5 1, 342

176 26.9 .5 1,342

177 26,9 .5 1,342

178 26.9 2,685

M179 25.5 2,545

180 24.2 2,415

181 24.2 2,415

182 24.2 2,415

M183 26.0 2,595

1.14

I'



TURBOMACHINES.

iNADC- 76238-30

TABLE 8 Continuod-

1. Frame k
Node (in) No, k/ko (lb/in)

184 27.8 2,774

185 27.8 .5 1,387

186 27.8 .5 1,387

187 27.8 .5 1,387

188 44.4 17 .5 2,216

189 47.3 18 .5 2,436

190 33.4 .5 1,720

191 33.4 .5 1,720

192 33.4 .5 1,720

193 33.4 .5 1,720

194 20.4 2,101

S195 7.4 762

196 7.4 762

S197 7.4 726

198 18.5 1,815

199 29.6 .5 1,452

200 29.6 .5 1,452

201 29.6 .5 1,452

202 29.6 .5 1,452

203 44.4 18 .5 2,178

204 44.4 19 .5 2,238

205 29.6 .5 1,492

206 29.6 .5 1,492

S115
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:.TABLE 8 continued-

1. ~Frame k'

T Node (in) No. k/ko (lb/in)

207 29.6 1,492

208 29.6 .5 1,492

209 18.5 1,865

S210 7.4 746

211 7.4 746
S212 7.4 

746

213 20.2 2,036

214 32.9 . 5 1,658215 32.9 .5 1,658
216 32.9 

.5 1,658

217 32.9 .5 1,658

218 47.0 19 .5 2,369

219 44.6 20 .5 2,346

220 28.1 .5 1,478

221 28.1 .5 1,478

222 28. 1 .5 1,478

223 28.1 2,956

M224 25.0 2,630

225 21. 9 2,304

226 21.9 2,304

227 21.9 2,190

M228 25.7 2,570

229 29.5 2,950

4 116
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TABLE 8 Continued-

NoeFrame k
Noe (11i) No. k/k0  (lb/in)

230 29.5 .5, 1,475

231 29.5 .5 1,475

232 29.5 .5 1,475

233 46.6 20 .5 2,330

234 49.0 21 .5 2,592

235 34.3 .5 10814

236 34.3 .5 1,814

237 34.3 .5 1,814

238 34.3 .5 1,814

239 20.8 2,201

S240 7.4 783

241 7.4 783[S242 7.4 741

243 18.4 1,8 44

244 29.4 .5 1,473

245 29. 4 .5 1,473

246 29.4 .5 1,473

247 29.4 .5 1,473

248 44.1 21 .5 2,209

249 44.1 22 .5 2,333

250 29.4 .5 1,555

251 29.4 .5 1,555

252 29.4 .5 1,555
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TABLE 8 continued-
•:•. . j. Frame k

Node (in) No, k/k0 (lb/in)

253 29.4 .5 1,555

254 18.4 1,947

S255 7.4 783

256 7,4 783

S257 7.4 740

258 20.8 2,080

259 34.1 Is 1,705

260 34.1 .5 1,705

261 34.1 .5 1,705

262 34.1 .5 1,705

263 49.4 22 .5 2,470

"264 47.6 23 .5 2,568

2.I
265 30.5 .5 1,645

. 266 30.5 .5 1,645

267 30.5 .5 1,645

268 30.5 3,291

M269 24.3 2,622

270 18,1 1,953

271 18.1 1,953

272 18.1 1,837

MM273 24.1 2,446

274 30.0 3,045

275 30.0 .5 1,523

- -13.8 I -
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TABLE 8 Continued-

Franic
Node (iA) No. k/k 0  (lb/in)

276 30.0 .5 1,523

277 30.0 .5 1,523

278 46.9 23 .5 2,380

279 48.6 24 .5 2,768

280 33.6 .5 1,914

281 33.6 .5 1,914

282 33.6 .5 1,914

283 33.6 .5 1,914

284 20.5 2,335

S285 7.4 843

286 7.4 843

S287 7.4 738

288 19.0 1,894

289 30.5 .5 1,520

290 30.5 .5 1,520

291 30.5 .5 1,520

292 30.5 S 1,520

293 45.8 24 .5 2,283

294 45.8 25 .5 2,597

295 30.5 .5 1,729

296 30.5 .5 1,729
297 30.5 .5 1,729

298 30.5 .5 1,729

LA
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TABLE 8 continued- ]

Frame k'
Node (in) No. k/ko (lb/in)

299 19.0 2,155 4
0.S300 7.4 839

301 7.4 839 '

S302 7.4 719

303 18.6 1,808

304 29.9 .5 1,453Ii

305 29.9 .5 1,453

306 29.9 .5 1,453

307 29.9 .5 1,453 H
308 44.0 25 .5 2,138

309 43.3 26 .5 2,518

310 28.4 .5 1,651

311 28.4 .5 1,651 .1

312 28. 4 .5 1,651 vF"1
313 28.4 3,303

M314 20.1 2,338

315 11.9 1,384

316 6.0 26 692
IY!

Letter "M" preceeding a node number indicates a corner point
of a main frame. "S" is for a secondary frame.

120
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5.5 Force and Displacement Input, Pressure Condition,

MC 200. The approach is the same as in Section 5.2. -The
axial forces are calculated by hand, while the lateral inter-
action forces are generated by "ansys" program.*

Lateral Action. Table 9 shows the initial discontinuity Ar
between the skin and the frames, This discontinuity isremoved by the interaction forces in the course of programexecution. *1

pR2  0.976 R (R/1000)
-tr= 10.4 x 10-t 10. !fa

The average thickness is used whenever there is a jump of
thickness at a frame station.

The initial value of P 1 10,000 lb is used as an interaction
force at every secondary frame and P = 20,000 lb at every
main frame. The nonlinear gap elements described in Section
5.2 prevent the interaction forces from exceeding their true
values.

TABLE 9 Gap Discontinuity.

Center 1.
Frame tar Ar Node 'AN

No. (in) (in) No. (lbY ]
5 .038 2.256 1 17,370

6 .039 2.622 16 8,500

7 .041 2. 845 31 8,020

8 .0435 2.967 46 200

9 .045 3.002 61 940

10 .045 3.108 76 730

11 .045 3.123 91 110

12 .045 3.108 106 -110

13 .045 3.082 121 -170

14 .045 3.042 136 -290

15 .0435 2.937 151 1,250

"• "ANSYS Program" General Purpose Engineering Computer Progra i.
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TABLE 9 continued-

Center
Frame ,t~ Ar 'Node AN'No,(n ('in) No. (Ibýi

16 .042 3.047 166 -700

17 .042 2.933 181 -820

18 .041 2.819 196 -20

19 .040 2.735 211 -1,150

20 .039 2,577 226 -450

21 .037 2.425 241 -1,010

22 .035 2.298 256 -910

23 .033 2.093 2'71 -1,750

24 .030 1. 830 286 -6,720

25 .026 1.629 301 -6,710

26 .024 1.235 316 -11,410

Axial Forces.

In the hull section of radius R:

N irR2 p 7rR 2 x 0.976 3.0662R2

Area total:

A = 2wRt + 24A,

For typical 12 in. longeron A = 3.325 in 2:

A - 27rRt + 79.8

Force in longeron:

At

V N
1 

=N

For 12 in, longeron:

N1 = 3.325 N/A

122
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The quantities A, N, and N1 are shown in Table 7
Th increments ofaxial longeron lodare sonin Tbe9
These values are applied to the model at the nodal points.

5.6 Results Of Com uter Analysis Pressure Condition,
MC 200. T-M 10 showsthe results of computer printout
after the second (final) iteration, at the stations, where
the skin and the frame come in contact. The notation is the
same as in Table 5.

Near the ends of the longeron segment under consideration the
input values were averages, rather than the actual longeron
properties as implied by Figure 20 The stress levels on
the bow side (beginning of Table 10 ) are high and therefore,
a closer examination must be made.

To determine the location of nodal points of interest,
Table .6 together with Figure .22 must be used.

x h
Node Frame (in) (in) A I Co 0I

1 5 1462 6.0 1.663 6.65 4.0

3 5 1502.4 6.28 1.740 7.626 4.187

15 6 1893.6 8.95 2.480 22.075 5.967

16 6 1901 9.0 2.494 22.445 6.0

The computer analysis assumes h 6.0 at node 3 and h 9.0
at node 15.

TABLE 10 Longeron Stress ,0

-y a M .•OC i,
Node (in) (psi) (103 lb/in) (ps].) (psi)

3 1.434 11,186. 87.632 -42,334 37,542

15 1.234 6,780.6 116.93 -24,561 22,410

17 1.230 10,174. 115.81 -20,860 25,654

30 0.931 7,473.3 124.49 -11,316 16,833

32 0.953 9,806.9 164.48 -14,928 22,173

44 1.670 9,749.1 217.41 -23,031 26,095

48 1.649 9,648. 215.22 -22,739 25,829 'I
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TA]BLE! 10 continued-

-y at 10 •o¢ (li e)
Node- in) _(psi) (103 lb/in) si). . (psi)

60 1.321 9,517.6 195.11 -19,846 24,186

62 1.322 9,783 3 195.82 -19,677 24,505

75 1.386 9,704.7 201.82 -20.688 24,878

77 1.386 9,908.1 201.04 -20.336 25,023

89 1.731 9,867.5 224.90 -24,015 26,776

93 1.732 9,81.2.7 224.56 23,984 26,696

105 1.394 9,746. 3 199.53 -20,279 24,747

107 1.395 9,706 .4 200.15 -20,407 24,754

120 1.384 9,680.7 198.79 -20,231 24,626

122 1.383 9,626.8 198.48 -20,237 24,549

134 1.696 9,644. 218.44 -23,254 26,067

138 1.695 7,924.6 219.39 -25,116 24,419

150 1.324 7,911.8 188.36 -20,435 22,073

152 1.329 8,286.3 190.63 -20,401 22,618

165 1.389 8,308.9 197.69 -Z1,436 23,171

167 1. 387 8,105.0 197,35 -21,593 22,942

179 1.683 8,182.5 211.69 -23,702 24,098

183 1.682 8,005.9 211.55 -23,886 23,911

195 1.260 8,020.7 182.51 -19,445 21,743

197 1.264 8,024.3 184.38 -19,729 21,887

210 1. 221 8,088.0 178.95 -18,843 21,542

212 1..220 7,754.5 178.48 -19,114 21,173

224 1.509 7,916.4 190.36 -20,707 22,228
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TABLE 10 Continued-I -y at ao .cNode (_in) (p i) .. .(103_1b/in) crop C) "a c

1228 1.524 7,895.4 191.81 -21,081 22,316

240 1.055 7,906.2 158.42 -15,943 19,817

242 1.058 7,617.7 160.38 -16,536 19,675

255 0.993 7,715.0 151..69 -15,129 19,119

257 0.996 7,447.0 152.24 -15,482 18,893

269 1.298 7,777.1 165.14 -17,251 20,193

273 1.314 7,365.8 167.52 -1• O'' 19,961

285 0. 753 7,296.5 121.81 -11,074 16,455

287 0.760 5,262.3 124.86 -13,555 14,650

300 0.728 7,332.1 74.347 -12,748 17,269

302 0.738 4,532.7 77.011 -16,179 14,826

314 0.917 11,629. 47.256 -21,088 25,841

Take axial forces and bending moments from the printout.

At Node 3:16 l

N - 18,603 lb

M - 87,632 lb/in

aic 18,603/1.74 + 87,632 x 2.093/7.626 = 34,742 psi

Sooc 18,603/1.74 87,632 x 4.187/7.626 - -37,422 psi

At Node 15:

N = 16,911 lb

M = 116,930 lb/in

aicr 16,911/2.48 + 116,930 x 2.984/22.075 = 22,625 psi

ac 16,911/2.48 -116,930 x 5.967/22.075 = 24,788 psi

125
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It may be seen that while at Node 15 the actual and the print-
out stress are nearly the same, the magnitude of stress is

over estimated by the program at Node 3. 1l
The allowable stress is:

Ft = 32,850 psi

Fc = 30,500 psi ; '

(The outer chord assumed to buckle at Fcy 61 ksi)

At Node 3 :

32 850 = "0,0 4
(tensioin)

30 S00 -0.185M.S.= N742 1.0 '(Compress! ,

The remedies for this location are discussed in Section 5.8

Other critical locations:

At Node 89:

C0¢ =26,776 psi

32,850 0.23
M.. 26,776 -10'tension)

At Node 138:

aic -25,116 psi

M.S. 30 500 10 0.21
5,116 - (compression)

Table 11 shows the results for the frames. The maximum
tension Is reached at Frame No. 7: a - 17,940 psi. This
hoop tension is not critical by itselr, but it is combined
with other components.

Note that the hoop stress is smaller in the main than in the
second'ary frames. This is due to a larger section area of
the former.
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TABLE 1 Frame Stress

1 Frame P/2 N
Node No. (lb) (1h) (psi)

903 5 12,843 98,121 9,085

915 6 6,768 51,708 14,013

917 6 6,789 5 1,868 14,056

930 7 9,252 70,685 17,940

932 7 9,146 69,875 17,735

944 8 17,785 135,877 11,554

948 8 18,135 138,551 11,782

960 9 8,150 62,266 14,685

962 9 8,145 62,228 14,676

975 10 8,339 63,710 14,748

977 10 8,342 63,733 14,753

989 11 18,593 142,051. 11,857

993 11 18,581 141,959 11,850

1005 12 8,296 63,381 14,672

1007 12 8,290 63,336 14,661

1020 13 8,219 62,793 14,603

1022 13 8,225 62,839 14,613

1034 14 18,103 138,307 11,613

1038 14 18,105 138,322 11,614

1050 15 7,808 59,653 14,203

1052 15 7,783 59,462 14,158

1065 16 8,024 61,303 14,843

1067 16 8,032 61,364 14 ,858
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TABLE 11 continued-

Frame P/2 N al
Node No,. (psi)(-

1079 17 17,333 132,424 11,377

1083 17 17,357 132,607 11,392

V ti 1095 18 7,555 57,720 14,687

1097 18 7,537 57,583 14,652

"11i10 19 7,344 56,1,08 14,688,.

1112 19 7,348 56,138 14,696

1124 20 15,755 120,368 10,795
"" 1128 20 15,548 118,787 10,654

1140 21 6,666 50,9'28 14,719

1142 21 6,653 50,829 14,690

1155 22 6,362 48,606 14,864 [
1157 22 6,350 48,514 14,836

1169 23 13,239 101,146 9,763

1173 23 12,986 99,213 9,577

1185 24 S,277 40,316 14,877

1187 24 5,245 40,072 14,787

1200 25 4,440 33,922 14,253

I!. 1202 25 4,397 33,593 14,115

1214 26 7,286 55,665 6,151
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5,7 Flight Condition With Deflated Cellc MC 200.
The following situation is assumed after the loss of pressure
takes place:

1. The ship is flying with 52 knots, forward velocity
(87. 766 ft/s).

2. It encounters a gust with the vertical velocity of
55 fCt/sec (This assumption is on the conservative
side, 35 ft/sec is* used as more realistic in Sec 5.13.

This results in the bending moment

Mm200 • 465.90 x,10 6 inlb

Frame No. 17 is the smallest radius main frame subject to
this maximum moment. (Mr. 1,146 in).

There are 24 longerons, each with A = 3.325 in 2 . When this
is uniformly distributed on the circumference of the cross
section, an equivalent thickness is obtained:

ZAI 24 x 3.325
t = f =-2 r R 114 6

To simplify the calculation, assume that only the longeron
material resists the bending moment. (This is conservative,
as no credit is taken for the skin in tension) Stress from
bending:

01 465.0 10 - 100102: psi
b R r x 11462 x 0.011083

The axial force:

No = Aab = 3.325 x 10,10.2 ' 3,589' lb

The buckling force for a longeron treated as a beam on an
elastic foundation is:

Ncr 2(kEI)h

Maximum value of the foundation modulus in Table 7 is
99.8 lb/in2 for this location. No more than one-half of this
is the effective value:

INr 2[9./)x 10.4 x 106 x 5.] 332,317 lb
t': 1 4
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For a simply supported column:

N r2 FI

crj~~
Elquivalent free length:

7t 2HI i2 x 10.4 x 106 x 53.2cr :

1. 128.2 in.

Mo

FIGURE 23 Longeron Loading Pattern I

Figure 13 shows the loading pattern of a longeron, immedi-
ately adjacent to the main frame on its deflated side.

When the hull is fully inflated, the computer analysis shows
the bending moment at Frame No. 17 (Node No. 179) is

M = 211,690 inlb

It is estimated that upon deflation this moment will drop
to 50% of its initial value. Thus,

Mo = 0.5 x 211,690 = 105,845 inlb

Resultant compressive stress at the left end:

N N Moc 37,790 105,845 x 8Cr = - +- - • • -- - 27,282 psi

Check if the factor of safety is indeed two, i.e., check on

the stress when the loading is doubled.

130
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When the axial force is sufficiently large, the maximum
bending moment is not at the support, but at some distance

[ I xL away from it.

1x, j arc tan (-cotU)

j = (HI/N)h = (10.4)(10)6(53,2)/(2)(33,882)½ - 90 36

U I/j = 128.2/90.36 = 1.4188

Therefore,

xl = 90.36 arc tan (-cot 1,4188) -13.83in.

The negative value of xI indicates that the maximum moment
occurs over the support. (The axial force is too small
to give a beam-column effect.)

0max = 2 x 27,282 = 54,564 lb/in2

F cy 61,000 lb/in2

61 000M.S. _ 6 - 1.0 = 0.12

5.8 Local Reinforcements Required, MC 200, The only
location where the longeron is shown overstressed, is Node 3.
This is the result of an unfortunate combination of structural
parameters. The main reason for the overstressing is that
the depth of the longeron is too small. The bending stress
is inversly proportional to the (depth)2 of an idealizedconstant-thickness section. The necessary minimum depth:

SAT, 42o')
Shmi -- hyy -) 6.28 6.96 in.say 7 in,

Of course, an increase in stiffness attracts more load, but
that will riot be of a great influence here.

The conclusion is that Figure 20 should be suitably modified
to show about a 7 in, deep section at Frame No. 5.

5.9 Pressure Condition, MC 100. The analysis will
be very similar to what was developed in Sections 5.2
through 5.6 for MC 200.

The hull is uniformly pressurized with p 0,6733 psi
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Only a segment of the hull between the Frames No. 7 and 10
is analyzed. Figure 24 shows the spacing of the two
secondary frames changed slightly to obtain uniform spacing.
This has negligible effect on the result, but saves a
considerable analysis timie.

For the purpose of this calculation the cross-.section of a
longeron is as in Figure 25 .The outer chord is assumed
to be of such proportions that it can withstand ar F~~*

A -3 x 12.12 x 0.060 =2.182 iný

I = V12.12)~ x 0.060 =26.71 in.4

KThere are z 42 longerons.
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t tskin 0.020 in.

z
skin No, 9 -.-- , o1

12 lit7 964 971.4

23S in. 3147.4--- in.8

FIGRE24 Spacing Secondary Frames

(typical) 130 10.5

1.2.12

F IGURE 25 Longeron Cross-section
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Skin thickness is constant, t -0.020 in.I. The effective depth of a main frame is 110 in.

Section area A. 8.2 in.

4 4, 421.46 in.

110

.01 in.~

2.1in.

FIGURE 26 Main Frame Cross- section

The effective depth of a secondary frame is 12.8 in. Section
area Af 2.9 in,
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Li

-S. 7 - 0. 613 in.
_X•

12.8

.016 in.

'1.226 in. j

z
FIGURE 27 Secondary Frame Cross-section

The model of the longeron segment is in Fi.gure 2 L. The
foundation (skin)springs are not shown, but they are placed
as was done for the previous model. Numbering of fixed nodes
of the foundation springs is consecutive beginning with
Node No. 51.

The constants of the skin rings are calculated from Equation:

ko 2nEt 2Tr x 10.4 x 10 6 x 0.020 31.1.2 xz- 42xR R

These constants for various locations are shown in Table 12.
Lumping of the continuous foundation into discrete springs
is performed in the same manner as in Section 5.4
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TABLU 12 Skin Ring Constants

Node Frame kk'
No. No. (lbin) k/k 0  (in) (lb/in)

1 7 33.75 1.0 11.1 374.6

2 1.0 22.2 749.3

3 1.0 21.23 716.5

4 1.0 20.25 683.4

8 7 33.75 0. 5 20.25 341.7

9 8 32.86 0.5 25.75 423.1

13 0. 5 25.75 423.1

14 1.0 15.73 516.9

15 1.0 5.7 187.3

17 1.0 5.7 187.3 A

18 1.0 15.73 516.9

19 0.5 25.75 423.1

23 8 32.86 0.5 25.75 423.1

24 9 32.28 0.5 25.75 415.6

28 0.5 25.75 415.6

29 1.0 1.5.73 507.8

30 1.0 5.7 184.0

32 1.0 5.7 184.0

33 1.0 15.73 507.8

34 0. 5 25.75 415.6

38 9 32.28 0.5 25.75 415.6

39 10 32.04 0.5 20.25 324.4

43 1.0 20.25 648.8
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FI TABLE 112' continued-

No. No. (bin kk (in) (lb/in)
Nod Framc k/

44 1.0 21.23 680.2

45 1.0 22. 2 711.3

46 10 32.04 1.0 11.1 355.6

The initial radial discontinuity is calculated from: L
pR.673311 R >

13t 10.4 x 106 x 0.020 Kss

R A
Frame (in) (n

7 922 2. 752

8 947 2,903

9 964 3.008

10 971.4 3.055

At every spring, representing a half of a main or a secondary
frame, there is a lateral force of 20,000 or 10,000 lb respec-
tively, which is attempting to close the discontinuity.

V The axial force in a hull section:

N = iR 2p wrR2 x'0.6733 =2.11.52R 
2

Cross-Section area:

A =2wRt + 4 2 A L
Longeron area AL 2.182 in?

A -0.12S66R + 91.644

Force iii longeron:

A1  2.182
N1  -NN
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TABLE 13 Typical Longeron Forces

R N A ANL
Frame (in) (106Nlb) (in 2 ) (I ),

7 922 1.798 207.5 18,908
742

8 947 1.897 210.6 19,650
507

9 964 1.966 212.8 20,157
221

10 971.4 1.996 213.7 20,378.

The spring constants of the frames are calculated by Equation

2TEAf 21r x 10.4 x 106A1 Af
kf z = 1.556 x 106 f

The calculations are shown in Table 14

TABLE 14 Spring Forces

A Rkf
Frame (ini2) (in) (lb/in)

7 8.2 922 13,839

8 2.9 947 4p765

9 2.9 964 4,681

10 8.2 971.4 13,135

The results of computer analysis are presented in Table 15
Three iterations were performed.

The largest tension is at Node 32, inner chord:

= 21,433 psi

M.S. 32$850 0.53M. .=21,4'33 -i =(tension')

The largest compression occurs at Node 30, outer chord:

ac = 15,161 psi

30,500 1.01
.- 1.0 ompression
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The compressive outer chord stress appears only in the vicinit
of frames.

TABLE 15 Computer Analysis Results

-,.t M oji
Node (in) (psi) (103 lb/in) (ps") (psi)

1 1.942 9,006 16.033 4,804 11,107

2 1.927 9,014 32.261 559 13,241

3 1.850 9,039 81.271 -12,260 19,689

4 1.662 9,050 28.329 1,626 12,762

14 1.551 9,015 74.465 -10,513 18,773

15 1.560 9,003 89.994 -14,588 20,795

16 1.572 9,207 89.292 -14,404 20,908

17 1.566 90212 90.431 -14,492 21,062

18 1.546 9,219 75.307 -10,524 19,087

29 1.593 9,222 77.538 -11,104 19,383

30 1.613 9,216 93.000 -il_1 6 i 21,403

31 1.620 9,315 91. 782 -14,841 21,342

32 1.616 9,321 92.432 -14,909 21,433

33 1.598 9,336 76.442 -10,712 19,353

43 1.834 91382 31.429 1,146 1.3,501

44 2.044 9,372 88.389 -13,819 20,955

45 2.131 9,345 36.677 -274 14,151

46 2.150 9,339 19.555 4,214 11,901
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Table 16' shows the results for the frames. The maximum
tension is reached at Frame No. 9: :a - 15,050 psi. This
hoop tension is not critical by itseli, but it is combined
with other components.

TABLE 16 Secondary Frame Results

Frame P/2 N .
Node No. l(b)__ (psi)

103 7 6,248 83,530 10,190

115 8 3,182 42,540 14,670

117 8 3,187 42,607 14,690

130 9 3,265 43,650 15-050

132 9 3,259 43,570 15,020

144 10 6,648 88,877 10,840

5.10 Flight Condition With Deflated Cell, MC-100.
The approach is exactly the same as in Section 5. 7.

When the flight velocity is 52 knots and the gust velocity is
55 ft/s, the maximum bending moment is:

Mmin 0 0 :.(l48.254 ) x (10)6 in/lb Ref.: Page 129,

Frame No. 16 is the smallest radius, main frame subject to
this maximum moment (R = 911 in).

There are 42 longerons, each with A 2.182 in 2 . Equivalent
thickness:

zA 1  42 x 2. 182
t = ý-, - 2v I x -I- = 0.01601 in.

Compressive stress due to bending:
-Mi1i0 0 ( 14 8. 254) 106(lb .4R--48•. 9 1 06 3,552. psi
T 2 t Tr x 9l x 0.01601

The axial force:

No AOb 2.182 x 3,552 -7:,750' lb

Buckling force.:

- N�N =2(kET) __
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Skin thickness at this location is .020 in.

Maximum stiffness of the elastic foundation calculated as
in Section 5,2.

2Tlit 2n x 10.4 x 106 x 0.020
R 42x934.16 Ib/in

Use only one-half of this value, or k 17.08 lb/in as the

effective constant.

Ncr - 2(17.08 x 10.4 x i06 x 26.71)= 137,760 lb

Equivalent free length:

2 7irBI 7r x 10.4 x 106 x 26.71
1Ncr 760

141.1 In.

The same loading pattern as in Figure 23

When the hull is fully inflated, the computer printout shows
the bending moment in Frame No. 7 (Node No. 3) as:

M 81,271 inlb

50% drop upon deflation:

Mo W 40,636 inlb

Resultant compressive stress, outer chord, end of column:

N MoC 13,583 40,636 x 7.0
a = -- + -- = - +. - -- - 16,875 psi

A I 2.182 26.71

Similarly to Section 5.7, doubling of the load will not
cause more than doubling of the resultant stress, because
the ratio of N/Ncr is relatively small.

30 S00 0.81M.S. l-0 (Compress i)

142



N O"TURIOMACHINES.

3 NADC-76,218-30
In the same beam, without an axial. force, the bending

moments will be

, =�~(hc(0. 349 l60.22 746.4 in9b I
Mo Y Ni 373.2 inlb The stretching force is

N - (0.628 - 0.349)(1224) 341.5 lb

The true moments are:

(7464 -~ 1/2
)(6 ) (18.43)(10)3/341) S. 236 inlb

M1 62 -4 . - 373.2) - 12.24(10)" inlb :;i

Corresponding bending stress

M"/t 2  (6) (5 .236) (0.024)2 54,542 lb/in 2

0b

ob 128 lb/in2  i

While the bending stress near the supports (longerons) is
excessive, the center bending is negligible. The bending
moment stress in the skin at longerons is reduced by extend-
ing the thicker-than-skin (tbase = 2tski ) Bases of longerons
parallel to their base sides, a measure lesc'ibed in section 5of this report.-

MC-100 at Maximum Diameter.

This calculation follows closely that of MC-200, as much as
the data permit.

RP 971.4 in.

z •42 (Number of longerons)

Z = 2 R/42 - 145.3 in.

t = 0.020 in.

Maximum longeron displacement, from computer printout:

Ar 2.15' in.
2

Pressure load p 0.6733 lb/in
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Section properties of the circuhiferential strap of skin:

A 0.020 in 2  (st)

ts 1= 0.6667(i0)"6 in4

El 10.4(10)6(0.6667)(1.0)76 = 6.933 lb/in2

Buckling load:

4 I 2 7. 2
Ncr " EI1  -3) (6.933) 12.96(lO)-3 lb

Evaluate the bending component of pressure from

W 0.6733 0.2974 lb/in2

12 145.32

Stretching force

N = (0.6733 0.2974)971.4 36S.1 lb

Bending moments, if no axial force present:

Me.' 1 2 1
M-"-2- C0.2974)(.145.3)2 523.2 inlb

M1 = f M' 261.6 inib

True Moments:
1/2.(NNcrý =2.2-3/ 1/=2.7

(= Mo" 523.2 (12.96)(10) /365.1) 2.977

inlb

M1 6 N1- - = 2 (12.96)(I0)' 3/365.1)261.6 t 5.65TI0)"3
inlb

Corresponding bending stress:
t2 = (6)(2.977)/0.0202 =44,655 lb/in2

all 85 lb/in2
b

Again the bending stress at the center is negligible; while
the bending near end-points is excessive.
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Effect of Longeron Doubler' On Bending of Skin

The theory presented in the previous section is applicable
only to the constant - section band of skin. Assume a
doubler of the following form. C see Figure 29 ).

Length "I" is measured between longoron centerlines.

The simplest estimate of the change in bending stress as a
result of introduction of doublers is to apply the previously
calculated bending moments to the new total skin thickness.
This is partially justified by the fact that there is very
little bending in the beam-column except the immediate
vicinity of ends. Doubling the thickness near the ends would
then result in reducing the bending stress four times.

FIGURE 29 Longeron Doubler

The next degree of approximation is to take into account the
diminishing effect of the stretching force, when the thickc-
n ess of beam (or of a part of It) increases. This will be
done by means of calculating the new value of the buckling
force and then repeating the previous calculations.

MC- 200

Assume td t 0.024 in.

Id 20 in,

Tp avoid excessive computations, only a gross estimate of new
Ng will be made. Nc is proportional to t 3 for a constant
thickness beam. Doubling of the whole thickness would mean
adding (7)N to the present value.Taking length into account:

~ Nr +~)(7Ncr 2748 Ncr
N wi6 0 . b e a5r t 2
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(2.48)Ncr indicates that the end moment will grow by 12,-748.
Bonlin stossis p~roportiona~l to thc banding moument and

inversly proportional to the square of thickness:I

Assume td t =0.020 in. Id- 18 in.

N + 146-. (7N~~ 2.734 Ncr

The end moment will grow by /2TST7
New bending stress near supports:

a' 44,655 (o~.p 2 lb/in2
b4 v04, vr2TT - 1840

The calculated bending .stress must be super~impoased on th~e
hoop stross, which is also diminished because of presence of

W- the doubler.

MvC-200

p --0.628 l.b/in2

R =1224 in.

t 0. 048 in. (total)

a + oP0.04--A-) + 22604 38618 lb/in2

368 1. 0 Neg _____

(Bend.+Tcns.)

MvC- 200:

p- 0.6733 lb/in2

R - 971.4 in.

It -0. 040 in. (total)

0 b p.63~J97L) +18460 =3481.1 lb/in

3 2850 1. %-

M.S.. pf

"9 7 0 (1ed. Tn
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It is shown above that the skin is overstressed, but this

does not necessarily mean so, as the estimate may be in-

accurate with respect to skin with a doubler. A step in
the right direction is to employ finite-element techniques.

A following model, which is representative of MC-200 con-
figuration was analyzed using "ANSYS" computer program.
The loading consists of stretching with the force N = 341.51b
and lateral load 0.349 lb/in2 . The number of elements
employed is relatively small, which makes the model coarse, 'but is sufficient within the scope of this report.

L23456 7 8 9 10 11 12 13 14 15 161820'

FIGURE 30-. Element Model

The results for the un;reinforced strap are:

(Computer Calculated)

Ar = 1.352 in. (maximun deflection)

SM'- 7.4.63 inlb (moment at end)

M" = 2.139 inlb (moment at center)

(Hand Calculated)

Ar = 2.06 in.

g' =5.236 inib

M"= 12.24(10)-3 inlb i!

Comparing the above values, notice that the computer-calcu-
lateddeflections are smaller, while the bending moments are
larger than those calculated by hand. This may be due to
model imperfection or to the inaccuracy inherent in the
resolution of pressure prescribed by:

p 

-

S+ 1 :i

1.47

I. "I: t

,v*,* ..,-./ -•,, 4... . .... ,''.'7. -'• •,'
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When the doubler is placed, as previously described, one
obtains:

Ar =1.352 in.

M' - 10.164 inlb

M" 2.141 inlb

The increase of the end moment is 36%, resulting from the
estimate compared to the moment without the doubler.

It must be mentioned here that some of the conclusions
presented here from the computer work bear a degree of
uncertainty. This is not an accident, but a result of
unusual slenderness of elements, which creates some numerical
difficulties. The iteration process converges very slowly
and a number of tests are needed to obtain a reasonableI solution.

. The next logical step would be to generate a more sophisti-
cated model, which should have:

a. more elements

b. two, rather than one contact point of longeron
and skin

V.

V;.
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E..11. DETERMITNATION OF TFIE SIZF OF LONGERONS. The
most critical-ioa•ing of longercs aris~es in a section of the
hull with loss of lifting gas and air pressure. Erection
loads in dock are lower than flight loads without pressure,
analyzed in 1.8 and 7.1.

Maximum speed with a deflated cell is approximately 52 knots,
(Reference, Section 1. 8) . The conditions of loading are given
below, repeated for convenience from section 7.1. The gust
moment is more severe than the aerodynamic moment and the gashead moment is zero. It. is desired to find the area of sec- 1tion of a longeron to resist the gust moment M,,,, as follows:

Mm 1 (.i) 1 (u)(c) (V) (L)
2g

Y .076475 lb/ft 3

2g 64. 348 ft/sec2

u = 52 knots = 87.828 ft/s

c = 35 ft/s, gust velocity

V = volume of hull, 20(10)6 ft 3 for MC-200

L = 917.949 ft, for MC-200

.076475Nm * .)-6T?-.3q[g(87, 828) (35) (73680. 6) (917. 949)

Mm 24.7091(10)6 ftlb
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-external
longer on s

hull shell

0

FIGURE 31 hull Cross-section

Moment Of Inertia Of All Longerons Around The Hull.

h-RT sinca wherfe RT =101.9945 ft max. (WC-200)

I (each longeron) AMb 2)

E1'hui] 4A~h2

Mr1 RT (24.691671)(1O), 6 C0) 6 3 2
- (0L)16 36lb/i n

AE11 2

3285 16,425 lb/in2

Note: YL Stress In compression on longerons.
Tt is expected that the all.owable load in
com~pression will equal the mix. allowabl~e
tensile stress in the skin (see Section 7,
page 167).
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TABLE 17 Longeron Sizes. MC- 200

2 2 h(ft) h2(ft2) ao h(ft) h2(ft 2)

7.S 13.313 177.234 82.5 101.122 10,225.644

15.0 26.400 696.860 90.0 101.995 10,402.878

22. 5 39.032 1,523.463

30.0 51.000 2,600.720 zh one quadrant 67,618. 78

37.5 62.090 3,855.202

45.0 72.121 5,201,442

52.S 80.918 6,547.665

60.0 88.330 7,802.151 For full circle:

67.5 94.231 8,879,401

75.0 98.519 9,706.021 - ,2 = (4)(67,618.678)

270,474.71 ft 2

MC- 200

Now, using

MM RT2

E12 T 16,425 lb/in2

Mm R 2 24.7001.) (10) 6 (010.9945 2
- ft =.00397 ft

A= yh2 -(144)74 (270474.71)(16-425)(14

A w 0.567 in f 0.57 in 2 (MC200)

Wi'th the neutral axis at half the In geron height, the area
of the apex cornice equals 0. 290 in and the area of each base
equals 1/4 of the total area which equals 0.150 in 2 , (approx)

151
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mm = 0 ) -6-4.- --(-• (35) ( 0(10)6 /

x (728.576)

(0,1) (.1884596)(10)'3135)(46415.8) (728.576)

x (87. 766)

12.3458(l0) 6 ftlb

ýIdes = Design moment with maximum gas cell deflated.

M = 12.3458 (10)6 ftlb

m

h = RT sin a where RT 161.906 80.953 ft2

I (each longeron) = A(112 )

, hull= 4A)~h 2 (one quadrant)

' M RT ('12.3458)(80.9S3)
S= _ 8.. 16,293 lb/in2

, 32850aL T m 16,425 lb/in 2

TABLE 18 Long-eron sizes MC-100

a h (ft) h2 Ctt2 f a0  h(ft) h 2 (ft 2 )

7.5 10.5665 111.650 82.5 80.260 6,441.739

15.0 20.952 438.994 90.0 80.953 6,553.388

22.5 30.979 957.719

30.0 40.477 1,638.347

22
37.5 49.283 2,428.620 Eh2 ,(one quadrant)=:

42,597,006 ft 2

4S.0 57.242 3,276.696

52.5 64-.224 4,124.761
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TABLE 18 Continued-
h (ft) h 2 Cft 2) (h ft) h 2 (ft 2 )

60.0 70. 107 4,915.036 For full circle:

67.5 74.971 5,593.660 Eh2  4(Eh 2 ) 170,388.02 ft 2

75.0 78.195 6,114.396

MC- 100
Now using:

Mm RT
c A h = 16,425 lb/in2

Mm RT
A fh2c(144) ft2

1. i 3458:) (10)6 (80.953)•

(170388,02)(16425)(144)

- 2.4780 (10) ft 2

2-.3568 in2

.360 in

With neutral axis at one-half the height of the longeron,

Area of apex cornice = 180 in 2 1
PMC- 100

Area of each base cornice = .090 in2

II
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lul].Skin Thicknoss t, (top)

rTI A

1X

'20

Hull Skin
Thickness (bottom)

z

FIGURE 32 Hull Skin Cross-SectionMC - 2 00.:

Cross-sectional area of skin at central main frame:

2 7r 2222 2AS,-Aj.+A 2 = "(RT 2 - rT 1 ) + !E(R r2  rT2 in

AS= * (1223.934)2 (1223.91)' + 1 (1223.934)2"

.. (1223.912)2

123.15042 + 56.443946

A 179.59436 in2AS

Cross-sectional area 48 longerons:

,AL= (48)(0.57)

AL= 27.36in2

Ratio of longeron area to skin area:

A1, 27.36 0.1S235
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Euler's equation for long columns:
Ncr a 7T2E3

Ap x

A - Area of column

X = Slenderness ratio

p - Radius of gyration

I Moment of inertia of the section

For a column of elastic foundation:
Ncy 2(kEI) 

:

k . 1 3.5 lb/in I,

Necr A

A
aCTomprc

A2 limit 2Tr F3
ya

Xlimit, = 58.5 :(slenderness)
Below this value of X: Johnson's parabola:

Ocr = GyYP

- Y.P. compression = 61,000 lb/in2

ay

Allowable: 2 30,500 lb/in2

r}

I
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Deflection of longeron as a beamMC-200:
( 2.64354)w .x.14

Ymax 38 4wI

(2. 64354).(0.39254198) 36.2) (I2)14
(384) C1OMl 4] ()16.621)

.5565 in.

Where w load, pounds per linear inch:

distance between frames and first secondary
frame (in inches)

I - moment of inertia of individual longeron

S 2A (0.,57)'(5.4)2 U16.621 in

H modulus of elasticity of 7050-T76

aluminum alloy 10.4(10)6 lb/in 2

Slenderness ratio

X (,36.2) 121 80.44"P ' : 5 . 4: .

Therefore by Euler's equation:

r -13 n (10. 4 ' 10) 15,863 lb/in 2

T2I _ (80.44)4

For MC-100, similar to above for MC-200.

Cross-sectional area of skin at central main frame:

A =A +A 2) + (R R 2  
2  in2

As:I+2:-(T2 rTl T• rTr22

A c. 971.436)2 - 971.416) + 971.436)2-(971.418)2]

ASU 81.38819 + 36.620496

As 118.00868 in 2
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Ratio of longeron area to skin area:

A t2(0360)

0.1281.3
Now, interpolating between the MC-100 and MC-200) we get
the following longeron area to skin arca ratios:

MC-125 0.13418

mc-i o .14024

MC-17S 0.14629
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Deflection of longeron y, MC- 100;

Ymax (2. 64354 wl
384 Ul

where: w aload in pounds per linear inch

- distance between minn frame and first inter-
mediate frame - inches.

I moment of inertia individual longeron

P1 A =(4.29) (.360) -6.6286 in4

E moan modulus of elasticity, aluminum alloy

=10.4(l0)6

L _ýýOj. 3299162) (346. 56I-
Ymax (384) (10.4) (10) " (6.6286)

.4741 in.

Slenderness ratio

L 46.356 78127
P 78.7127

By Euler's equation:

22 7r2~(10.4)(10)6
0 -~.- ~ 8.7727216,565.059 lb/in2

Parametric determination of section properties of longerons
from the sectional areas of longerons for MC-l0O &2nd NC-200,
can he determined for properties of longerons of interinediate
hulls.

The moment of inertia of longeron is approximately expressed
by

where A the area compu~ted for longeron section on
preceding pages

P radius of gyration p,: .10( 1

The heights of the longorons for MC-100 and MC-200 are

tabuilated in Tables 17 and 18
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it is assumed that the foll.owing relation holds:

1200 'm20) R2 0 0

mlOO 1 00
100 L ,00i R20  1200

r12.345811100 L~7~Ti (.7936997i)(16.621)

10*6.5914 in4

1100 A1 0  ,

Then, for example: _______ .94651

A100 2.94651
1005(~ 0 ) 1.39123

A100  .3584 in2

Sýection proverties of longorons on all hulls are tabulated
in Table 19

TABLE~ 19 Longeron Section Properties

Hull Rj/R 2 DO Mm i(f tlb) Hmii/Mm20  11(inl A1(in)

10n .7937 12.345 .4997 6.5914 .357

125 .855 1.5.444 .625 8.9355 .4146

150 .908 18.4976 .749 11.2595 .46724

175 .956 21.589 .874 13.8326 .51796

200 1.00 24.7091 1.000 16.621 .570
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'rho gusl moments at 52 knots (for major cell deflated) are
computed from sea levels values.

(.,10) 1 ucV 3 L

6
Mm i~rcvousy cmpued n pigo152) =12.3458(10) ft b

Mn?5 (.36531.) E2.5(10)6)>1784.835) I
Mm12S "15.4440-0), ftlb

1MlISO ( .36531) GS(10)6j/(834.0187S)

M inso 18.4976 (10)6ftlb

~'15 (.36531) E7.5(10)6(877.987) I
2159 (10) ftlb

All study hulls are strong enough in their respective long-
erons to support gust bending moments at 52 knots speed4
with the largest cell defla;.cd. This is the severe condition
e xaminei od and all hulls should have strength and rigidity to
stand uip to tho lesser stresses during construction without
gas and air pressure. D u r ing construction, light, removable
jury structure will be needed and used to locate the main.*
framies at their exact stations prior and during the installa-
tion of longerons and skin. During construction, the jury
spacers will be successively removed, as the assembly pro-
gresses and serve as incidental structures.
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6. BULKHEAD DIAPHRAGMS

S6 .1 DIAPHRAGMIS BET.!N THlE CELLS. The inflation •as
is containeoT by theF Metaicfa•- shell above the equator an•d
by transverse fabric bulkheads in the plane of main franies,
backed up by a restraining network and semi-cylindrical
fabric bottoms of the cells. All fabric parts of cells are
called membrones.

The diaphragms acting as fabric bulkheads in tAe plane of
main frames, separate adjacent cells. The bulkhead is only
in the upper half of the circular arc of inner radius of a
main frame.
In this area , the network ( shown in appendix N-5 for the
MC-200 hull)is integral with the fabric; one spiral network
system (i.e. L1I) can be on one side of the diaphragm, the
other (R11) side of the spiral network system can be on the
other side of the fabric, the network being attached to
the fabric by adhesives. At equidistantly spaced peripheral
gathering knots, the diaphragm is attachod to swivelling
anchor joints on the main frames, as shown in the referenced
appendix. Below the equatorial plane, the network i s in-
dependent of the fabric; the LH spiral system is attached
to the RH spiral system directly, at all crossing joints.
Below the equatorial plane, the diaphragm is double, each
half free to float on air below it in the lower part of the
hull.

The semi-disc upper half of the diaphragm is joined by a
sealing shoe to the apex cornice of the main frame by means
of a radially accordioned, narrow peripheral curtain, which
seals off the gas between adjacent cells. The main frame
corrugated sides are sealed off by thin flat sheet, spot
welded to corrugations. The inner perimetral corridor within
each main frame is gas tight and contains air under hull
pressure. The shear sides of the frames are well capable of
supporting the gas head, as they are parts of frustum cone
envelopes. The floating cylindrical membranes, comprising.
the lower walls of each cell, are. removable and fastened to
the shell of the hull above equatorial plane by a sealed,
bolted joint which is longitudinally continuous between
frames and permits the fabric to be loaded in. tension and
shear only, with no possibility of re-entry angles ano)earing
anywhere. This joint is shown on the hull layout in Appendix
N -5 ; it can be seen that in deflated state, the diaphragm
lies tightly against the skin, with no potential air entrap-
ment. When inflated, the fabric wraps on a curved channel.
without changing the mode of loading and within a short di's-
tance again lies on the inner wall or the hull skin when
upon full inflation. The joint allows for replacement of the
membrane without damage to the hull structure.
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The radial network system will be elastic enough to support
surging gas loads, and it is expected to be sufficiently
self-damping to supress oscillations. Should further
anaJysis reveal inadequate elasticity, provision is made for
hydraulic shock absorbers to be placed.between the horns to
which the diaphragm is attached and special rockers on which
the joint rides, (also shown on layout of hull of MC-200).
Damped anchorages are then required only on the top half of
the inner network system. At three main frames noted on the
hull layouts, the network diaphragm completely occupies the
circular area of the inner diameter of main frames. This
reduces surgi~ng motions of the air in the hull as well as
that of the lifting gas. Whether these frames should have
sealed corrugated sides along the lower half of the frame
structure; requires further analysis, beyond the constraints
of this report.

The diaphragm structure for containing lifting gas in sep-
arate cells and restraining the movement of air masses, is
the simplest solution for Metalclad hulls. It requires the
least amount of fabric, permitting conmplete deflation of
cells via suction, and also complete volumetric expansion
with gas at altitude or for test purposes in the dock.It will
assure inflation with minimal dillution of the lifting gas
during inflation an important condition for economical opera-
tion of airships never fully attained in the past. It also
permits removal and replacement of any cell without disturbing
adjacent cells.

With a projected 10,000 ft. ceiling, the cells would be in-
flated to (.04828/.06535--.7388) of the maximum theoretical
gas volume at sea level except the cells in the bow and stern
air sub-volume. These gas cells would be inflated to ap-
proximately 50% fullness at sea level, allowing excess air
volume at altitude for trimming purposes. The air space
below the cells in the bow and stern serve as ballonets.
The degree of this inflation will be analyzed separately. In
relation to the use of thrusters, it appears possible that
the gas inflation can be allowed to a higher volumetric ratio
in the bow and stern than in those vehicles without thrusters,

Removable bolt-on and air-sealed gore panels between the
longorons and two secondary frames will be provided on the
bottom of the hull in each cell sertion for access into the
hull and exchange or insertion of cell diaphragms and
membranes in the dock,
In this rcport all cell diaphragms are projected to be made of
ILCI A 1,05004 fabric as described in Figure 34. Weight calcu-
lations, Section 10,S, are also based on this fabric.
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Fabric: ILCI A 105004

Mf Y. Reeves Bros.

Structure and Compositionozlerpyter ye

polyurethane :
1.4 oz SS dacron bias lOOx].OOx4OD ý

2. 6 oz Butyl rubber

.- 1. 4 oz SS dacron sq 3.OOxlOOx4OD

.3 oz clear polyether type
polyure thane

Gross Properties: (objective)

Strip Tensile, lb/in Stress Jimits(nominai.)

hoop 90 (n)

long 90 (n)

shear

weight :oz/yd2  6.4rpermeability :l/rn~da >0.5

FIGURE 34 Diaphragm Fabric
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7 HULL SHELL SKIN THICKNESS

7.1 SKIN THICKNESS VARIATION, PANEL SIZE PARAMETERS
AND THICKNT-,SS I•)1S,•TTiU'ON OVVR Tilt HULL. There is onlySone singul-ar -process to establT--il-t"--_fh-ckness of skin of

a Met.alclad hull and that is to determine the skin thick-
ness at the maximum diameter, loading the skin to the max-
imum allowable stress in transverse (hoop) tension. In
the longitudinal direction, the stress due to internal
pressure is approximately less than 1/2 of the transverse
stress (in a cylinder exactly 1/2). Therefore, the hoop
stress is a primary figure and the thickness required for
it is basic. The transverse (or hoop) skin stress is de-
fined by

2k14+pRT Ib/in 2 , at the top of the hull (°T = tT 1

The skin thickness in the transverse direction is the same
as in the longitudinal direction, tT = tL.
Equation(1)has two unknowns and tT has 'to be expressed, in
addition, by some other relation.
Such a relation exists in the form parameter for critical
shear stress which is

t ~IT'(2)

This parameter is known experimentally from the ZMC-2 hull
experience

.0095 0 6
'ZMC-2 - -2.- -73 316 .62878(10)

Its merit is that nowhere on the ZMC,-2 hull was there found
a permanent set caused by elastic buckling when the hull was
without internal pressure. Furthermore, the skin of the
ZMC-2 was oversize and it is probable that the parameter
can be actually smaller. In the absence of knowledge in
this respect, the above value is used in the determination
of maximum skin thickness on all hulls. The manipulation
of Eq, (1) and (2) is influenced by the spacing of the long-
erons, therefore, by their number. In Metalclad hulls
another important parameter is K, the ratio of the total
area of longerons and of the transverse skin area. i]f this
"ratio is low, the longerons will be few and probably inade-
quate for support of the hull in flight with a deflated
cell and perhaps even to support the skin during erection
of the hull; the skin will have to be too thick and heavy
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and the overall hull design far off the optimum strength-
weight ratio. The optimum value of Ke is at this time still
an elusive number, depending upon the form of the lonporons,
spacing of frames, etc.

In Metalclad hulls, K is a very small ratio, in ZMC-2 its
value was K = .0124. This is no guidance for larger hulls;
analytical studies indicate that the value of K should be,
approximately K = .10 for large hulls, with a highly refined
design of longeron section and two secondary frames between
main frames. This is a region for further analytical re-
search before constructing large hulls. In the analysis of
this report K - .16, which is considered conservative. In
the initial period of preparation of this report, it appeared
attractive to use as few longerons as practicable and the
number decided upon was z 1v 24. This led to heavy skin and
very low K and it was understood quickly that this was not
the right direction to follow in the design. The number was
increased by repeated analysis, to z = 48 for MC-200 and
z = 42 for MC-100. Although the cost of construction in-
creased due to a higher number of longerons, the skin weight
was reduced dramatically and also very importantly, the
longerons were unloaded from weight during erection (mostly
due to skin), as well as the improvement of bending strength
of the hull with a deflated cell and loss of supercharge
pressure.

For MC-200

b-R,= 101.9945 ft 1223.934 in.
b= minor axis

L 917.949 ft 11015.388 in. a=A(.64)

R 1 -- 1 1 5 - (12) 40,607.008 in.

With 48 longerons, the maximum peripheral distance(b) between
longerons

b=P _7690. 204P= 6-0 160.2126 in. centerline to centerline

of longeron, a conservative assumption in view of thicker-
than-skin base of all Metalclad structures,

(.6287825) (10) 6 t t
(.6287825)-16T0. 21726 1223.934

t (.3953674)(31.416032)(10)

3 (12.430874) (10) 6

t = 2.21.5885(10• 2 .0233 in. ____n__

1.66
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The standard sheet gage near this number is t .024 in.
maximum skin thickness at maximum hull diameter.

With factor of safety of 2.0 with respect to the ultimate
tensile stress in tension:

Udesign = 36,500 lb/in 2

0 designypt= 32,000 lb/in2

Tdesignyp-= 22,000 lb/in 2

The skin splicing seams (Refer to Section8 ) will be bonded
and riveted. Due to this combination, all seam joints will
have at least 100% efficiency, but for the purpose of an
alysis, the maximum allowable design stress of any seam joint
is reduced bý a factor of (.90), skin = (.9)(36,500)
32,850 lb/in. Therefore, maximum allowable tensile stress
in the skin

c desS (.90)(36500) 32,850 lb/in2 and in shear,

Tdes (.90)(22000) 19,800 Ib/in2

Then, at maximum diameter of HC-200, on top of the hull, the
transverse design stress is

"desT - 32,850 lb/in2

and the longitudinal radius of curvature aft of the maximum
diameter station is

-s (587.48
RL a RT (101.9945 383.9174 ft = 40,607,008 in.

Hoop stress on top of the hull

2kP.T + 4 p (2RTlIS, '
T des t 2PLS+RT and

ST T2R, T

the hull air pressure is

(2Rs + RT;:i'.p = c• 2 T•.L S T ]R
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(2) (40607.008) +1223.934

p (.024)(32850) (2) 2l223.9 34 C T607-.O07)
.06535 1294

(2)1,2239341728

p .65381 .092574 = .561247 lb/in2

=.56125 lb/in2

Ifull air pressure: p = (12)(2.307)(.561247) 15.537 in. of
water. This is a reasonable value and w:i th modern pressure
control means, there should be no difficulty in controlling
it within narrow limits.

Before maximum stresses in the hull can be determined, the
acting maximum moments must be computed. These moments are
at full speed, with hull inflated:

1. Aerodynamic moment, Mae 02) (y/2g)u2 L ftlb

2. Gas head moment, Mg = C.2O0)¶TkP ftlb

3. Gust moment Hm = (.1) (y/2g)ucV/3 L ftlb

The gas head moment can be partially compensated for by
distribution of fixed weight loads at the bottom of the hull
and in main frames, and only (.80)Mg is taken as effective.
Mae and Mm can be either hogging or sagging moments. Mg is
a hogging moment.

Aerodynamic moment is determined first (refer to aerodynamic
moment, Section 2) at sea level, a conservative assumpt-ion;

Mae = (.02)qV L q U2g
Mae : (.02) 64S 6-•--(1 6 8 . 9 ) 0(10) 9 1 8 ) at 100 knots

Mae = 45.863782(10)6 ftlb

Gas head moment

Hg = (. 20) 11-kRT

Mg = (.20)(3.14159) (101.9945) 4 (.06535)

Mg = 4.443657(10)6 ftlb
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Gust moment, c - 35 ft/5

M. (.10) gucV L

hlMm~ (.10) 6T.4+ (168.9) (35.0) (20(i0)5318

Im 47, 02(10)6 f
Mm art' MI are used in Woodward's envelope, Fig, 6 prage 64Theefre 4750 1)6 ftib becomes the design moment
for th NC-200 hull.

The hulpressure and the gas head pressure determine the
maximum longitudinal skin stress at the top of the hull.

aLT 2kRT + P (R'VRLS
ILST t 2RL S+ RT

.092574 4. .561.25 (123.94)(40607.008)
Lg'1. .024 2(40607.008) + 1`23.934

a'S (2 7. 24 267) (6 02. 8813)

0LT 16.,424 lb/in2

at the bottom of the hull, the maximum transverse stress

p (2RT LS
c'TSB 2J T

.5612S
aTB (120S.778)

oT 28,198 lb/in2

Skin thickness of .024 on top can be reduced to a lower
value; to be practical., the skin thickness on bottom was
reduced to tB .022 in,

a(56125I, sB 02 (1205.778) 30,761 lb/in2

169



OTURBOMACHINES,

NADC 76238-30 _

The skin thickness of .020 in. is too thin and .022 in. has
to be used. A non-standard skin gage would save weight.
Skin thicknesses are reduced on the bottom of the VC-200
hull in the ratio of .022/.024 = .9167. This reduction
applies to the lower 1.200 section of the hull, therefore
1200 of the hull., 600 on each side from the lowest station
is .022 in. thick and the remaining 2400 ,:f hull, is .024 in.
Long itudinal stress in the skin on top of the hull, at max-
imum diameter section is:

S RT RLS S

a .561.25 (.122 3..9 31 49_•. Q Qp8

LST 4 .02 4 .2TO-,0-6 ) + 127273- .93 2

56125
OLST -02-T C62.88)

iLST = 14,097 lb/in2 without imposed moments.

Longitudinal stress in the skin on the bottom of the hull,
$ at maximum diameter

LSB B2 RLS + T

56125 (602.8l) 15,380 Ib/in2
0 LSB .022

Maximum longitudinal stress on top of the hull, at maximum
speed immediately aft of the maximum diameter section, with
an upward gust

"Mm t g
"LsTM Ls lt t,rPAT

.47.5202 - 4.4442t7)_D 0) 6 (]29
sr 16424 (3.l4l59)(, 24)(12233932.'•

T 16424 4577 11,847 lb/in2

LST~j

Maximum longitudinal stress on top of the hull, at maximum
speed, immedi Ltely aft of the maximum diamoter station, with
a downward gust

170
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m + Mg
O],ST. °T+ tTRT

4+ .963767 ) 6_12)
16424 + (1. 1.29475) (10) S

T 16424 + 5521 - 21,945 lb/in

Maximum longitudinal stress on the bottom of the hull, at
maximum speed, immediately aft of the maximum diameter
station, with an upward gust

Mm - ig ,!i

UI'sBt °LSB :rt :•2
B T'1

(47.,5202 - 44 , L436__ 57) (1,0).6(12) •

LSBM 15380 +(3.14159)(.022)(1223.934)2

43.076 4.. (10)6 (12)
SLSBMj 15380 (1.0353524) (10)5

15380 + 4993 = 20,373 2b/in2

Maximum longitudinal stress on the bottom of the hull at
maximum speed, immediately aft of the maximum diameterstation, with a downward gust

Mm + Mg9

sBM =LSB P

18 (51.963767) (10)6

'SBM 15380 (1.0353524)(10)5

ULSBM 15380 6023 = 9,357 ib/in2

I
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MG-lao

Similar analysis is now carried aut for MC-lOO.

R'r 80.935 ft =971.436 in.
2

8 s (466.289))2
"I,s S=095- 2,685.823 ft

=32,230 in.
it 100 knots

tT .020 in.

Wi th 42 longerons, the maximum peripheral distance between
longorons

p 2 if IZ (6.2 8318)_(971,436)
z 42 -153 n

-6 t t~ ~*62782) (0) 145.32 971.436

T
-6 3(8110 839 89) (10) t

2.009(10) t2

t .020 1in.

Transverse stress (hioop tension) immediately aft of the
maiu daee station, on top of the hull.

2kRIII+ 2IRRIS

from this is computed the a~ir pre~ssure in the hull

p .6876088 - .0734761

maximum hull pressure p =. 6141327 lb/in2

p t.63.43 lb/in2

p (.6143) (12) (2.307) 17.00 in. of water column
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Transverse stress in the skin at the bottom of the hull, im-
immediately aft of the maximum diameter station

"P 2kRTR p /S
.6143 1i2,) .L9 Z1,4 3j~ 6 _2 2 3 0 ) •

TsB .07 -3 4 •2 F') + 9 .T6.4436)

OTsB : (34.1.278)(957.01345)

0r h 32,661 lb/in 2

L TSB

Transverse stress in the skin at the top of the hull, immed-ie
iately aft of the maximum diameter station

2kRr + p (TL

IT0 S,, t \2 RLS + R.,ýT

a .0734761 + .6143 ( 7 5
0TsT .020 (957.01345)

O~ s -- (34.38881)(957.01345) i:

a 32,911, lb/in 2

TST

Longitudinal stress in the skin on top ot the hull, immediately
aft of the maximum diameter station

2kRT + P SRTRL
°LsT t2R-1, S + ,T,

.0734761 + .6143 ,!
L(477.74257)

T 16,429 lb/in 2

Longitudinal stress in the skin on the bottom of the hull,immediately aft of the maximum diameter station

ILsB f • 2RLS + RT

°L s B = -,O T 8 (4 7 7 . 7 4 2 5 7)
I O.,B1 16,304. Ib/in2

I 173
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Maximum aerodynamic moment, at sea level on MC-100

(.0 . 2)'y/)u V 1 ftib

Mae -" (. 02)/'0 6 7" (168.9)2 0(10) (728. 576)

Mae=E 22.9306(10)6 ftlb

Maximum gsl head moment, at sea level w/
Nig 2 ( 0) irk R,,4::~M 2, , .-0) (3.1-4159) (.06535) (80. 953)4

•'.'/..Mg ; 1.76342(10)6 ftlb 1

Mla x imum gust moment, at sea level, with 35 £t/s gust and

maximum speed

y 2/
ý'm =(.10)fgucV 'L

(076475 /3
=Mm =(.10) 6-4.3-"4 (1 6 8 . 9 )( 3 5.O0) 0(10)6 (728.576)

23.7588(10)6 ftlb

Maximum longitudinal stress in the skin on top of the hull,
at maximum speed, immediately aft of the maximum diamcter

.. station, with upward gust

, .... Mm - M

Lsq.,. LST I t',R.

16429- 4'.)

ILSrM L3 fl4 STF)(. 2 J01Ml'T 6) 2

o164� 29 (_22995_8)1 o(1)6 ].2)
LST 16429- 59293.6096

o 16429 4451 11,978 lb/in2

174

• %



J•TURBOMACHINES,

NADC- 76238- 30

Maximum longitudinal stress in the skin on top of the hull,
•Immediately aft of the maximum diameter station with down-
ward gust (@ max speed)

Mm + M

OLS~1M 0 LsT +

a 16429 + 22.222 ) _(12)
OLs'rT 59293.6096

"aLS, = 16429 + 5165 = 21,594 i)/in2

Maximum longitudinal stress in the skin on the bottom of
the hull, immediately aft of the maximum diameter station with
upward gust (@ max speed)

Mm M=y Loa + tBR
a LSBM SB

T

_(21.99538)(10) (12)
LSB :16304 + (3.14159) (.0118) (971.436)2

266
aL = 16304 + 3364.2487

LSBM

aLSBM 16304 + 4946 = 21,.250 lb/in2

Maximum longitudinal stress in the skin on the bottom of the
hull, immediately aft of the maximum diameter station, with
a downward gust (@ max speed)

Mm + MgoY L B CTI ";t" 2LSBM1  SB B .]T

= ~( 2 .S .2 5 5 2 ( 9 _6 / .
aL 16304 -

a 16304 - (303.06242 4) (10 6
LSBM - 3•--4 2487

aIsB- 16304 - 5673 10,631 lb/in2
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S1imilar analysis for M-2

RT 87.204 ft 1046.45 in.

L 784.837 ft 9418.00 in.

u 100 knots Z =42 longerons,

R. 2 = 784.837)(.4
RLS 2q 2,893.212 ft

.1' =34,718.5 in.

M1ae (.O2)ý u V~ L
2g

Mae (.02) (4.348 .9)2 (18 2.5(1O)6 )(784. 835)

M1a 28.5448(10)6 ftlb

Gas head moment

Mg9 (2 0)7rkRlý

Mg (20) (3. 14159).065 35) (8 7.2 04 )4

Mg 2.37449(10)6 ftlb

Gust moment

Plm =(.10) ucV /3 L

29

MM= (.10)E 67 (168.9)(35.0)E12.5(10)6 )'(784.835)

MM=29.S882(1.0)6 ftlb

Determination of maximum skin thickness

Z RT (6.283185)_(87_.204) ( 2 5 .5 nb z42(1)=165 i.

-12

(24507.9)(1046.449) (1133.)0)

t =.0216 in. ma-xinium

Ne~arest standard gage t .022 in.__ I
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Maximum flight pressure (similarly as for MC-200 and NC-100)
2kRT + p 2R'rRLS

STlqax 32850 t '\2RLS + RT/

(2)(3.7818287)( 1 0 ) (1046.45).+ pI 3 2 8 5 0 :. "2x

L2(1064)(34718.5)+
(2)(3471. 45) + 1046.45

638.6065
P =.60106 lb/in2

p (12)(2.307)(.60106) = 16.6397 in of water

Transverse stress in the skin at the bottom of the hull,
immediately aft of the maximum diameter station

OTs B (tB\2--iS ) VT

.60106 S_2E1046.45)(34718.5)
CTsB .022 (2)(3471 .5) + 1046.45

0 TSB = (27.321)(1030.9136) = 28,166 lb/in 2

with tB = .020 in,

The hoop stress at the bottom of the hull will be, with
tB = .020 in:

.60106
OTSB .020 (1030.9136) 30,982 Ib/in

This is acceptable.

Longitudinal stress in the skin on top of the hull, immediatel
aft of the maximum diameter station

2kRT + p (RTRIS

°LsT = -- tT 2RI.LS+ T

__ .2(3.7].88287) (10) .(1046.45) + 60106
oLST .022 (515.4568)

oLST = (30.91863)(51S.4568) 15,937 lb/in 2
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Longitudinal stress in the skin on the bottom of the hull,
immediately aft of thie maximum diameter station

aLs = -B2L;;R0LSBj tB(k214LS+ IZT)

.60106°LS = -2"-2•--(515. 4 568)

01 = 15,491 lb/in 2

Maximum longitudinal stress in the skin on top of the hull,
at maximum speed, immediately aft: of the maximum diameter
station, with upward gust

U - Mg
LSTrM LST - TrtTR,

LS= 159 -(29.5882 - 2.37449)_(101 (

LSIMý 53 (3.14159) (.022) (1045.45)z

aL = 15937 - 4315 11,622 lb/in2

Maximum longitudinal stress in the skin on top of the hull,
immediately aft of the maximum diameter station with down-
ward gust (@ max speed)

"L2 ~M,+ 21,05 l/in

a +ViL sTIM I'SqT t trRi 2

l29. 5882 + 2.37449) (10)6(12).ai STM7 7. 56 84 885 (10) 4

LSTM 1.5937 + 5068 - 21,005 lb/in2

cTST

Maximum longitudinal stress in the skin on the bottom of
the hull, immediately aft of the maximum diameter station
with upward gust (@mnax speed):

SB+ L •SB t 'R

178
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o' 15491 +- (32 764)(10)912
= (27._21371• 10 .• 12-3

I LSBM (3 -1.4 1 5 9 )(.020 (-1046.45.
141+ _j. 265645)p3 ("•6"

LSB ~ 6 TS7-44TI(T34-LBM :

CI'S 15491 + 474t = 20,237 lb/in2
IBM ,

Maximum longitudinal stress in the skin on the bottom of ]
the hull, immediately aft of the maximum diameter station,
with downward gust "@ max speed):

Mm 4- Mg (12) .

LSB LSB 71tBR."

15491 3. 8355228(10)8

OLSBM 6.880444(T1T-04
22

, 15491 - 5575 9,916 lb/in2

MC-I50 S
RT = 92.6688 ft 1,120.3 i n.

L 834.01875 ft 10,008.23 in.

u = 100 knots z 44 longerons

a. ((834.01875)(.64) 2
RLs = R°"-'7 = 92.6688 3,074 ft

= 36894.4 in.

2/2Aerodynamic moment, at, sea level

Mae (.02) qVT L q= -u

M•ae = (.02)(33.9034) 5(10)6 (834.01875)

Mae = 35.6385(1.0)6 ftlb

Gas head moment, at sea level

g (.20)rkRl4

17 L
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Mg = (.20) (3.14159) (.06535) (92.6688)4
g]

Mg = 3.02802(10)6 ft lb

Gust moment, at sea level, c 35 ft/s"
2/3

MM (.0) X-ucV L

Mm = (.10)(6.3 (168.9)(35.0) .5(10)6 (834.01875)

6
1K MM 35.6384(10) ftlb

Determination of the maximum skin thickness

2 2TRT (6. 283185) (1120.3) 159.98 in3

b 44

,it b _T

t ((.62878)(10) (159.98) (1120.3)
39

t (11336.0866)O(10)

t .0224 in.

Nearest standard gage t .024 in.

Maximum flight pressure from

2kRT + p 2 RTRLS )

CFT t - 2RLS + k-TI

"32850 (2).(3. 7818287) (_0,,1120.3•..•_E x!],',3.2 850 P .02

2)(36894.4 + 112 0.3/

694.69 2

P = l3.5--TT ,62968 lb/in2

p = (12)(2.307)(.62968) = 17.432 in. of water

180
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Transverse stress in the skin at the bottom of the hull,
immediately aft of the maximum diameter station

I,'2 
I, L

TSB 2 RTRLS +

K; .62968 ((2 (1120.3 (36894._4j
TSB -- 02-34 2 94.4T41120.3

T o = (26.2367)(1103.545)i, TSB

a: 28,953 lb/in2

The hoop stress at the bottom of the hull will be (t B,022)
B=

.62968 *2
S- 022 (1103.545) 31,585 lb/in2

'TSB "

The skin on the bottom of the hull at maximum diameter

tB .022 in

Longitudinal stress in the skin on top of the hu!i immodiatel
aft of the maximum diameter station

2kRT + p R RTRLS )
LST tT 21LS + RT.

(2) (3. 7818287)(10) .(1120.3) ..62968 (551.773)0LST .•02 4 3)- .. .. 2 ( 51 7 3

,.L. . 71.4416

T .024 (551.773)

0 LST 16,425 lb/in 2

Longitudinal stress in the skin on the bottom of the hull,

immediately aft of the maximum diameter station
0LsB - _ RTPRLS T

t11t 2R~

.62968
,LSB .022 (551.773)
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CrLsB 15,793, lb/in 2

Longitudinal stress in the skin on top of the hull., immed-

iately aft of the maximum diamcter station, with upward gust
(@ max speed):

Mm - Mg
LSTM-- °LsT " tTR2,

(35.6385 - 3.02802)(10) 6(12?a L 16425 - 3. D-4T9-T -6-7(-0w - 12"0-2UT-
LSTm

1

3.913258(10)0 LT1  16425 .6S0-1-C l0)T4-

.LSTN 16425 - 4135 12,290 lb/in 2

Maximum longitudinal stress in the skin on top of the hull,
immediately aft of the maximum diameter station, with down-

r ward gust (@ max speed).

"=0 ,Mm + Hg
OLSTM c S .- 2

_12+(38. 66652(l0) 12
LSTM 9.463013(10)

16425 + 4903 = 21,328 lb/in 2
i o YLS TM

Maximum longitudinal stress in the skin on the bottom of the
hull, immediately aft of the maximum diameter station, with
upward gust(P max speed))

LB LI+Mm Mg
Li.lS Bb LS ntBR2

915793 + 3"9 325-8) (10
LSB8.6744282(10

aLSBo 15793 + 4511 20,304 lb/in 2

LSB.8
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Maximum longitudinal stress in thec skin on the bottom of the
hull, immodiately aft of the maximum diameter station, with j
downward gust (@ max speod):

MS + Mg

38.66652 (10) 612
=LSBM 15793 111• 0 3) 2

4.6399824(10)8
O L = 15793 4GL5 3M AY 2i
a ' = 15793 - 5349 10,444 lb/in 2

MC- 175 I

RTR 97.554 ft 1,170.65 in.

1, 877.987 ft 1053.584 in.

u = 100 knots Z = 46 longerons

a 2 (-:s (877.987) C.64))2 ;3236.515 ft

RLs : • 97.554

- 38P839.4 in.

Aerodynamic moment at sea level. .Y u2
ae (- 1 -= 33,9034 lb/ft 2  @

Mae (102)00 2 10 knots.

Mae . (877.987)

Mae =40. 1286(10)6 ftlb

Gas head moment at sea level
Mg = (.20),rkR4 ~

Mg = (.20)(3.14159)(.06535)(97.554)4:

Mg = 3.71882(10)6 ftlb

Gust moment, c = 35.0 ft/s at full speed, at sea level

Mm (10%-cuv

183
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Mm = (.10) ( 347" (168.9) (35.0) 7.6(10) (877.987)

14 • 41.5775(10)6 ftlb

Determination of maximum thickness of skin at maximum hull
section

2 2IR'r 6.238170.65) 
.6. -- 8. 3 18146- 159.90 in.

2 (.3 8 9 (o -1.2 t3 t i
(39 52 95) (10)2

t10)-611.836(10)6 :4

t - .0228 in:

Nearest standard gage t .024 in.

Maximum flight pressure, for 2T =2,850 .bi

Hoop stress on top of the hull

2kR, + p 2PTRLs
oT t - 21+RfT

-S(2)(3. 7818287) (10) (1170.65) + p
32850 .024 x

?)~ 1170.65 23889.4
S(2)(38839-4) + 1170.65)

686.22 1

P 1154.0 .59464 lb/in2

r

p (12)(2.307)(.59464) 16.47 in. of water

Transverse stress in the skin at the bottom of the hull,
immediately aft of the maximum diameter station

SB .
2RLS + RT

.59464 (2. 170.65)38839.!L. \9sB 6.024 ý(2§) (8-839.4 + 17-7 065)
OT B (24. 7767)(1].53.2698)

""-~B =28,574 lh/i112
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The hoop stress at the bottom of the hull will be: (tB=.0 2 2 )

.59464
= -.T- (1153.2698) = 31,172 lb/in2

The skin on the bottom of the hull at maximum diameter is

tB .022 in..

Longitudinal stress in the skin on top of the hull, immed-
iately aft of the maximum diameter station

a 2kR TRp
a L3 t18 (k RLSRT+Rr57

,,2)(3.7818287j(!0 '5 (1170.6S) + .59464
O, 0 LST .024 (576.6349'

t , ,. ". 6 8 3 1 8 4 i 2
LsT - (S16.6349) = 14,707 lb/in

Longitudinal stress in the skin on the bottom of the hull,
immediately aft of the maximum diameter station

P RTRLS
CFLSB T \B 2 RL S+R,)

LSB 5942 (576.6349) = 15,586 lb/in2

Longitudinal stress in the skin on top of the hull, immed-
iately aft of the maximum diameter station, with upward gust
(@ max speed):

a -Mm - 4g

LSTM LST 2

14707 . ..(41.5775 -_ 3.71882) .!. _I_ q2).a LSIM 14707 (3.14159)(.024)(1170.65)2

14707:- 4 543042(10)8
I14 Ls0 10.3327254(,+.TOV

o=14707 4397 10,310 lb/in2
LSTNI

.185
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Maximum long!tudinal stress in the skin on top of the hull,
immediatel aft of the maximum diameter station, with down-
ward gust 0 6max speed)

Mfir + Mg

'LsTM L sTtTR 2

S(41. 577S + 3.71882) (_10)6(12)
OLS TMI = 14707 + -- 10.- 3 3 27 254 ( 10)4

45. 29632 -10•6(12)
OLsT, = 14707 C 0 )-C_ -I

o :14707 + 5261 -- 19,968 ib/In2
LSTM

Maximum longitudinal stress in the skin on the bottom of thehull, immediately aft of the maximum diameter station, with
upward gust (@max speed):

Mm - M 9
0 LSBM LsB T -BRT

4.; 542816 .p).8

I.LSBM 15586 + (3.14159) (.022) (1170.65)2

4.542816(10)8
"LSB 15586 + 71664- (0)4

"0LSBM 15586 + 4796 ; 20,382 lb/in2

Maximum longitudinal stress in the skin on the bottom of the
hull, immediately aft of the maximum diameter station, with
downward gust(@ )Nax speed):

MIm + M 9

LSBM GL rt2

(45.29632) (10)6(12)

LSBM 15586 9.4716649)(10)4

Cs 15586 5739 = 9,847 lb/in2

L'S 14
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The hull skin i': loaded by a transverse (or hoop) stress,
a longitudinal tress and shear stress, everywhere on the
surface of the hull.; the preceeding Linalysis took up only
the stress state at the maximum hull diameter with maximum
loading.

The highest principal stress in the hull skin arises in thei: region above and below its equator

;.. The principal stress in tension is:

and in shear:

To; T 2'
•:•'l T 0)2+ T

The shear load on the skin is the lift load forward or aft
of each main frame, up to one half of'the distance between
adjacent main frames.

The lift load is reduced by the weight of skin, fabric dia-
phragm, one secondary frame and longerons; all these weights
can be assumed to be lifted directly by the gas. The weight
of the main frame has to be supported by skin shear as well
as the weight loads acting on the main frame.

In MC-200, at maximum hull diameter, the total lift on the
hull section one half the distance between main frames for-
ward and aft is 164,09811•* (Refer to 1.8). One half of this
lift acts forward and one half acts aft of the frame. The
lift acting forw,'ard or aft of the frame is also divided, one
half acting on the port side and one half acting on the star-
board side of the hull; therefore, the maximum lift on each
side of the hull forwi.rd or aft of frame station 334.50 is:

L 1/4 (164098) = 41,024 lb

The weight of skin on port or starboard side of the hull,
forward or aft of the maximum diameter main frame is:

vWskin 1/4yP'*1 (120/360)tB + (240/360)tl)
[i~ ~ ~ ~ W 2 5)s 1•(2).02) (2n)(1223.934)(12)(104)+( 7(.041C333)(.022),

+ (667) (02 4))

u * @ 1.0,000 ft

187
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Ws = (244733) (.00735 + .03601i)

Ws W 5,711.6 lb

Weight of longerons (approximately):

Area of longeron A,, = .57 in 2  2
Adjustment for weight (1..25) (.57) .7125 in
Volume per 1 ft V = (12) (. 7125) 8.55 in 3

Weight per 1 ft WL = (.l02)(8.55) .872 lb

In the hull section considered:

Ivl = (52)(24)(.872 ) = 1,088 lb

Weight of one half of secondary frame (approximately):

Wf = 2.02 lb/ft
P = 2ITR = 7690.2 in

P/2 = 3845.1 in = 320.425 ft
Wf = (2.02)(320.425) - 647.26 lb

One half of cell ýiembrane weight lifted directly either for-
ward or aft of the main frame:

Wdiaphragm l/2TrRYN-+R)

Wdiaphragm ý 1/2 iT (10o2) - j(52+102) lb

Wdiaphragm- =I.095.5 lb

Structural weights of one half of the hull lifted directly
by gas either forward or aft of the maximum diameter main
frame are:

Weight of skin 57).2 lb
Weight of longerons 1088
Weight of one half of secondary frame 647
Weight of one half diaphragm 1097"

8,544 lb

The lift shear load acting on either the forward or aft
side of the maximum dianeter main frame is:

Q = 41.024 - 8544 :- 32,480 lb

The unit shear forward or aft of the maximum diameter main
fram1e is

Ntanl coO b/in.

188
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Q = total transverse shear
The highest shear is at 0 00 (at equator)

.... V -- '. '2 r t,[ an 00
cos 00 lb/in

ntR 2

OR
V = T-i at equator (on each side of the main frame)

Principal stress:

,I, + eI, I
GO + 2 ' r4i (J'j' .I(J Max 2• ... j

2flifl

longitudinal tension, 14,097 lb/in2

asT transverse tension, 32,850 lb/in2

Shear per unit length of perimeter at equator,

S~~32,480 !

v8.4471, p,/in.

Shear stress at equator,

-. = 8.4471 =351.96 lb/in2

t .02T4

a = 32,850 lb/in2°TST

aLsT 14,097 lb/in2

Principal stress in the skin at equator,

Go.32850 + 14097+• (352. 0)2(4) +. (32850 - 14097)2-- 2

ao = 23474 + 49 5616 + (351.675) (10)6
2

=0  : 23474 + 938 .

Uo = 32,857 lb/in2 (maximum) This still can be con-
sidered within factor of safety of 2.

1 89
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At 45 0 with respect to the planes of aliax. and Omi are
the planes of the maximum shear stress

The principal shear stress is:

TO (32 2+ (320

2

937 lb/ in

All stresses are without the contributing effect of areas
of longerons and therefore, conservative.

Cross-section area of skin at maximum diameter,

.240. (1+ 20
As ('R) (120) RTtB

As~ (66 7)(6. 2 8318) (1223.934)(.024) + .333) (6 .28318) xI

(12 23. 934).0 2 2) 1
As 1. 2 3105) (10)2 + (..563384) (10)2 Y7q4 in2  I
Area of 48 longerons ,

AL (48)(.57) =27. 36 in2

Ratio: AL 27.36
17.2 .15695 This ratio is high and further

analysis should reduce it.

When the maximum volume cell is deflated and the air pressure
is also lost, the skin cannot contribute to the strength of
the hull significantly; this is described in Section 1.8 and
also in later Sections of this report. At this time it is

k useful to detormine the maximnum moments that may arise at
U= 52 knots (the maximum speed with deflated cell) and
35 ft/sec maximium gust velocity.

ITC- 200

Case of deflated maximum volume cell.

Aerodynami~c momemnt at 52 knots is :(MIae= (02) -1 U~V' L)

2g

1' 19 0
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S020 .3 L6 7.78)2(20(10) (918)

Mae ' 32.38732(10) 6 ftlb

Gas moment Mg = 0.O(zero) at the deflated cell

Gust moment: (. 076475\ 1 )/Gus m met:Mm -- ( -.)•6'-4'-74'R)(8 7. 7 76 0.0.) (3 5) 20(I0)

)
A Mm - 24.694485(L0) 6 ftlb

This moment has to be resisted by the longerons of the hull
with the small contribution from the skin on the tension side
of the hull; this contribution is disregarded.

A similar analysis is now described for MC-100 with the pur-
pose of interpolating the skin thicknesses for other inter-
mediate size hulls, between MC-100 and MC-200 values.

The shear load on the skin is the lift load forward or aft
of each main frame, up to one half of the distance between
adjacent main frames.

The lift load is reduced by the weight of skin, fabric
diaphragm. one secondary frame and longerons; all these
weights can be assumed to be lifted directly by gas. The
weight of the main frame has to be supported by skin shear
as well as the weight loads acting on the main frame.

Analysis similar to MC-200 is repeated here for the MC-100
hull, with analysis for MC-125, MC-150 and MC-175, not shown
in this report because of similarity. The maximum lift on
each side of the MC-100 hull, forward anq aft of the maximum
diameter main frame No. 262.287, (Section 1..A8, rnige 56) is:

L = 1/4 (82500)= 20,625 lb *at 1.0,000 ft

The weight of skin on port or starboard. si n# the hull,
:forwarcl: or aft of the ma-irum n1 Oiomoeter main crane is':

Wskin P. (120/360 t + 240/360 tT)

Wskin (.25) (. 102) (27) (971.44) (83) (12) . 3333)(.018)+
ii~~6 ;.6667) C. 0 20))

W, (15S023)((006) + .0133) .67 .2)

"[ 1 skin 2,992 lb
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Weight of longorons (approximately):

Weight per 1 ft .62 lb

In the hull section considered:

(41.s)(213)(.62) = 540.3 lb

Weight of one half of the secondary frame (approximately):

Wf = 1.3 lb/ft

In the hull section considered:

f = (1.3)('rr) (1,3)(,r (80.953) 371.5 lb

One half of the cell diaphragm weight lifted directly either
forward or aft of the main frame is:

Wdiaphragm birRy .(+R)
1 j

Wdiaphragm (,5) (3.14159) (80.953) (04444) (41.5 + 80.953)

""idiaphragm 691.98= 692 lb

Structure weights of one half hull, lifted directly by gas
either forward or aft of the maximum diameter main frame are:

Weight of skin 2992 lb
Weight of longerons 540
"Weight of one half secondary frame 372
Weight of diaphragm 692

4596 lb

Lift shear load acting on either forward or aft side of the
maximum diameter main frame is:

,: 8250082500 -4596 16,029 lb

.' • _ 1.6029
V - - 6-7.-4• 5.2522 lb/in ( =shcar/unit length of

perimeter at the

Shear stress at equator: equator).

,. 07= -0 262.6 lb/in2

CF T 32,850 lb/in2

of, sT 16,425 lb/in2

192
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Principal stress in the skin @ equator:. t

0 =24639 +÷24 (262,6)2(0,)+(32850-1642()2

co 24639 + Ir269025086 24639 + 8215

O'o =32,854 lb/in 2 (max.)

All stresses are without contributing effect of areas of
longerons and therefore, conservative.

The (.018) skin at the bottom of the hull is applied from
an angle of a - 00 to 600 upward on each side of the hull
at maximum section and is proportioned with other thicknesses
along the length between frame stations 69.80 and 640.09.

7.2 RELATIVE ELASTICITY OF SKIN AND STRUCTURE. The
highest stress used in all ulls-ste-oopstresswhen the
hull is under maximum allowable gas and'air pressure and
designed to a factor of safety of two, witth a maximum allow-
able stress of aT = 32,850 lb/in,, In the instance of- MC-200,
at maximum diameter, this stress would produce a radial
elastic deformation of the hull shell equal to:

/yR r dT 32850c A"RT= PT (12 2 3,9 3 4) -C~)-1'-0-") (10

ART 3.94179 in., radially

However, the longitudinal stress at the same station is,
ai - 1/2 a i = 16, 4 2 5 ab/in2, normal to the stress aT' This
"stress wil reduce the radial deformation due to the effect
of Poisson's Ratio \, as follows:•Y eL aT

A: -A • "" - V R T -- v r= 2

"The actual radial deformation will be:

ARTo = T W-

ARTo- (1223. 934) (l 2.) (l0o.-2)TTCF

ARTo = 3.29139 in., actual radial deformation

,To 3.29139
ART --. 9-1 .83499 .835

198i:K



@UPDOMACHINES,
Thi.NADC- 76238-. 30_

This allev:iates considerably, the elastic strain between
the shell skin and the structure attached to it,

Poisson's Ratio has an influential effect on all. Metaiclad

structures dlue to the large d:itrnsions of Metalclad shells.
For instance, it reduces the radial deformation of the skin,
due to the presence of longitudinal skin stresses, while at
the same time the effect of Poisson's Ratio on the radial
growth of the frames, main as well, as secondary , is almost
zero. Therefore the strain between the transverse structure
and skin is inherently reduced. In addition, further al-
leviation of this interaction strain is accomplished by means
of elastic "springs" between the stiL'ucture and the skin,
mentioned in section 5, and other sections of this report.
A similar effect exists also in the longitudinal direction
caused by transverse stress, which tends to unload the lon-
gerons from tension. Therefore, the longitudinal tension
in the shell skin will be normally higher than the tension
in the longerons.

The preceding analysis was for the maximum diameter station
of the hulls. The maximum moment is assumed to prevail from
a station (. 4615) (L) to a station (.650) (L). The following
will review the conditions at both of these stations on the
MC-200 and MC-100 hulls.

MC - 2 00

The (.4615)(L) station is at (.4615)f917.949) or 423.6335 ft.
from the bow and called station "all in this analysis. Th his
station is aft of the maximum hull diameter station.

The hull radius is(stotion "a")

.I (423.6335-aB) 2  a 330.4616 ft
as = 587.4874 ft

RTa = (101.9945)(.987361) = 100.7054 ft

The thickness of skin on top of -the hull of the !'.C-200 is

tT .024 in.

The longitudinal radius of curvature of the hull at station
"fil" is :

•,r4x2+ a42)Y2

1 99
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(587.487)4(101.9945) -

Ra 0 3.256656(10) 3 ft = 999,079.87 in.

'rhe hoop stress on top of the hull at station "a" is:

2kRja P / 2 RTlaR1a a
°'TýTa t 2-Rl ' Rra

(2 .06 53.Sj(/72.810.7054 12 + 6125

"'S a .024

(2 (39080,0) (120. 846)
( 03"59-08.0) + 1208.46

.091404 + .56125 (9.4453234)(10)7
TST= .024 O -6 U 2 F 7816.4 6

a= (27.1939) (1190) 32,362 lb/in 2

TSa

Longitudinal stress at station "a"

2kRTa + p RTaRLa

La = - 21RLa + RTa

o =(27. 1939) (595) - 16,181 lb/in2a

This stress is only slightly lower than at the maximLumII
diameter station and therefore, it is obvious all other
stresses, as computed for the MC-200 at maximum diameter,
will be insignificantly lower at station "a".

Station "b"'

Station "b" is (.650)(L) (.650)(917.34) or 596.661 ft. from.
the bow.

596.661. - 330.462 = 266.199 x distance

from the maximum diameter station.

Radius of hull at station "b" -is:

iF(266.1.99)2Rý rhR~rb a vT 2

200
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R ~ -R .(101. 9945) " "-

R (101..9945)(.691452) 90.92322 ft 1091.08 in.

],0111,itucl11] rdi us of curvature of hull. at stu tion "bW is:

FI-I+ -aý 4y 2
'Lb = V R~

R.(909945) 4 C266.999 2 + (587..87) 4 (90.92322)12)RLb = (57.48---)--l(10199T 45)I

s. ~~31265. 6309 '-"

RLb -2 2423.2625 ft 29,079.15 in. I
The hoop stress on top of the hull, at station "b" is:

2 2kRTb+ P 2RlbRIb )
. TTb t +R ¥ a

"(2) (3. 783 8287) (10) 5(1.091.08) + .56125ax
""Tb .02444

2c (1091I.0Q8) (2 90 7 9.15
(2(29079. 1U5 101+

.0825255 + .56.125/(.458)17
aTT .024 293

IUT b (26,82398)(1070.99) 28,728 lb/in2r~g. UTTb "

The stress Tb 28,728 lb/in2 is lower than was computed

for the maximum diameter station of the hull (a.F,<32 ,850 ]b/ii

Therefore, the maximum diameter station has the highest stress
in the hull shell skin in any of the five hulls investigated.

In the case of the MC-200, the maxintum moment

51.963767(10)6 ftlb, declines toward the bow at
thle rate Of:

-6
51.963767.0) ftlb 122 66?t-Lý~ ~ ~ f LL.t 12,6

-ý'423.6335 ft

201
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At the maximum diameter station, 330.462 ft from the bow,
the maximum moment is:

(330.462) (122662) = 40.535130(10)6 ftlb

This compares with 51.963767(10)6 ftlb, used in preceding
analysis. This difference is too large and the maximum
diameter station is re-computed, to allow for it. The in-
fluence of the lower than maximum moment at the maximum
diameter station will result in higher residual tensile
stresses in the skin on the compression side of the hull
shell and lower tensile stresses on the tension side of the
hull.. This points to a broader range of admissible hull
pressure variation than at first appeared from the preceding
analysis.

Recomputed longitudinal stress on top of the MC-200 hull,
at maximum speed, immediately aft of the maximum diameter
station, with an upward gust (Refer to page 170):

- M-
a L

LSTM LST ntTR2

-- L _ 16424 (37.040 - 3.463542) (10)6(12
cLsl 1642410)

GLSTM 16424 3567 12,851 lb/in2 residual tension
stress.

Compared to previous:
aL 11,847 lb/in2

STM

Maximum longitudinal stress on top of the hull, at maximum
speed, immediately aft of the maximum diameter station,
with a downward gust(Refer to page 170):

"Mm + Mg
a a

'LST1 LST +TtTR2S TH

6
S16424 + _(37.040 + 3.463S42)(10) (12), LS = (1. 129 4 75) (1.0)

Lc- 164 4 _ 0. 5 035 4 2) C l ) 6 (1.2.)
IS'I - 4.1.2947S(lfl) 5
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L M 16424 + 4303 =20,727 lbin2OLT
Compared to previous (paige 171)

as~ 2.1,945 lb/in2

Maximum longitudinal stress on the bottom of the MC-200
hull., at maximumi speed, immediately aft of the maximum
diameter station, with an upward gust:

LS~ ~~M Mg TB'

IS 130 0 +_CL.. 57646) (10)6(12)

OLSBM (1.0353524(10)5

aLB 15300 + 3892 =19,192 lb/in2

Compare t o previous (109c~ 171)
0rLB 20,373 lb/in

Maximum longitudinal stress on the bottom of the hull at
maximum speed, immediately aft of the maximum diameter station,
with a downward gust:

Mm+

'SBM LSB

4 0. _50.3 4 2 II)(10 12
LBj 15380 - tl. 0 3 5 3 S2 4 ) (16O)-

ar 15380 - 4694 =10,686 .2i (eidaLSBMlbi (Rsda

stress in the skin at the bottom Of the hull.)

Compare to previous (pape 1171)

allI 9,357 lb/in 2

This is the lowest residual stress at the maximum diameter
station, due to the sum of moments at that station.
The computed hull air pressures are at sea level. With
altitude, as the ambient pressure decreases, the relative

203
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hull air pressure stays constant while the absolute hull

air pressure decreases in a constant ratio with the ambient
air pressure po. Therefore, absolute hull pressure

p hull p + Ap hull

Relative hull pressure*2

p gage Ap hull constant

At 10,000 ft ceiling altitude the ambient pressure is

Pi0  10.1078 lb/in 2

Xn the case of MC-200:

Ap hull = .56125 lb/in 2 ;

p hUll 1 0 = 10.1078 + .56125 10.66905 lb/in 2

absolute.

Although the absolute hull air pressure varies with change
of altitude, the gage air pressure is constant at all al-
titudes. J

The stresses in the hull shell skin are very nearly constant
at any identical location in all hulls. This originates
by making the maximum hoop stress in all hulls equal to
one half of the ultimate tensile strength of the metal skin, 9

a rational basis of comparison.

For MC-200

ILST 16,424 lb/in2  Longitudinal stresses in

0 2  the skin without any momento =15,380 ib/in2
LSB
LsT=11,847 b/in2  Minimum residual stresses in

the hull with maximum bending

a LSB•= 9,357 lb/in2

Minimum margin in skin stress at the top of the hull:

° I'STM_ 11847

i 1 17= 1 .7213 .2787
oLST 16424

204
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Minimum margin in the skin stress at the bottom of the hull:

1 -
0~LSBM 95

9357 ' 1 - .60839 r= .3916I- g
Similar minimum margins also exist in other hulls of this
report.

U.
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It is appropriate to point out the duality of the shell stress
Equation II

OT aLRT rL, t

used in this section. It is a close assumption for the purpose
at this time, that

0La 1/20T

The above shell Equation can be solved in two ways, set here
side-by-side:

I Iv
aT 0 L _ ' L p
-rT + FL t RT tL

OT + pT PRT P
RT 2RL t RT 2RLt•t

T /

°r(W > t T-,p-,' (±±L÷T.' p ,, p__/ N)

t T I T9

(2R ORt (2RRT.R

2RLRT 2RLRT-RT
2 TjT R 2RL

The rL satisfies UL= l/ 2 GT, while aL>l/2aT; or, pressure p,
computed by method I is lower, by method I, higher. Method I
is used in the analysis of this section, because its results
check with the basic Equation. On the other hpnd, Method II
is rational, e.g., when RL-)OO, expression for aT reduces to:

"T-- RT, while under the same condition,

CT Becomes indefinite.
V' Engineering Design, J.H!. Faupel, John ilV~ey 8' Sons ,1964.
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8. SKIN SEAMS

8.,1 TYPE3 STRI.N I, AND WE1 II IT.

8.1.1 Type. There are two typos of seams used on
Metalclad airrship hulls. One consists of the butt splice
seam between two sk:i.n panels and the other is a lap joint
scam between skin panels and the thicker base skin under all
structural. elements attached to the skin of the hull, e.g.,
under the main frames, secondary frames, and the longerons.
Both seam joints are shown on the MC-200 hull layout,
Appendix M-5 and on Figure 39. All rivets
will be installed in "dimpled" recesses which is the standard
practice for 1000 rivets, although, for sLmplicity, they are
shown as being recessed by machined countersinking. Altogether
five types of seam joints are used on the hulls to join skin
to skin and skin to thicker skin forming the bases of all
structure. Those seams are shown in Figure 40 and. Tables
No. 20 through No. 31 . They are:

Type I, Lap seam joint that connects pieces or panels of skin
which form the bases of main frames. This seam joins the
same thicknesses of sheets and its external, side is smooth.

Type II, Lap seam joint connects pieces of skin under the
longerons, and secondary frames. In addition, this joint
is used to connect pieces of the transition strip which is
used between the main frames base skin and the local skin
panel, as well as the seam between the transition panel and
"the longeron base skin. (Same thickness of skin at joint.)

Type III, Lap seam joint that connects skin panel with heavier
base skin under all structural frame work; (different thiýk-
nesses of skin at joint).

Type IV, Lap seam joint that connects base skin of main fýrames
to transition strip from main frame to skin panels; (different
thicknesses of skin at joint.)

Butt joint, that connects pieces of skin to make a layer size
unit panel for mounting on the hull between two longerons and
two frames; back-up strip is used; (same thickness of skin).

8.1.2 Strength. The construction of the seams, both
butt and lap joints, is such that the joint strength is at
]east equivalent to the strength of the unbroken metal or
better; therefore, the seam efficiency is higher that 100%.
This is accomplished by using compound riveted and bonded
joints. These joints have one inch width of lapped or faying
area that is bonded and riveted together by a double row of
.094 diameter rivets spaced at 1.50 inch intervals in a

207
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staggered pattern. The rivets are to be driven during the
curing time interval for the bonding material and force thefalying surfaces of the skin togeother with a force such that

the final cured thickness of the bond will. be approximately
.004 in. maximum. The strength of the joint is developed by
the bonding material shear and the rivets assure a tight bond
without voids and other imrnerfections in the joints, as well
as providing security against prying forces on the bonded
interface. Fatigue endurance of "dimpled" flush rivets is
known to be high already and bonding will raise it even
higher. The bonding substance functions also as a sealant for
containing lifting gas or air.

The technology of bonding and sealing is now well developed
and has been used for many years in aircraft construction.
TI has researched several chemical corporations and their
respective bonding-sealing products. Most products are
adaptable to thin aluminum sheet bonding with strengths
depending on method and time for curing. Metalclad construc-
tion will require room temperature application and curing,
however local supplementary heat in the form of controlled
infra-red canbe used on structure seams, after riveting in
place. Particular environmental parameters to satisfy, and
still maintain strength, will be conditions of humidity and
high or low temperatures encountered in airship operations.
Several references have been analyzed including the Airforce
"PABST" study conducted by McDonald Douglas Corp. on
adhesive bonding of aircraft structures. Bonded. and riveted
seams of high strength and efficiency as required by Metalclad
construction are easily obtainable with present state of
technology.

8.1.3 Weight. The weight per unit length of the seams
varies according to type of seam and its location on the hull.
The unit wei.ehts of seams are tabulated in Tables No, '20
through No. 24.

8.2 Length Of Searis In The Hulls. The lengths of
various types of seams in the MC-200 hull are tabulated in
Tables No. 25 through No. 31' and are shown below:

Type Length, ft

re 1,976.9

II 325.0

III 1,035.7

208
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j TypoLength, ft

IV 10,890.0

Blutt 8,931.6

23,159.2 ft

2090
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'I.t" Skin thick-

on hlull,
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S.... .00 --- >" Ty~po T La42 joint
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.Typ TI Lap Joint
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TyeII apJoiht

•---"1.00-*--
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-... •, TV Lap Joint"1' 0 0

.............

FIGURlJ 40 Types Of Seam Joints
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TABLE 20 MC-100: Seams- Weight Per Foot (Pounds)

Hull Butt
Station Typo I TypeI T •jII Type TV Joint

0.00 T 0.120769 0.08160] 0.062017 0.101185 0.084866
to

150.85 B 0.106082 0,071809 0.054673 0.088945 0.075074

150. 85 T 0.135457 0.091393 0.069361 0.113425 0.094658
to

206.96 B 0.120769 0.081601 0.062017 0.101185 0.084866

206.96 T 0.1501.45 0.101185 0.076705 0,125665 0.104450
to

373.80 B 0.135457 0.091393 0.069361 0.113425 0.094658
373.80 T 0.135457 0.091393 0.069361 0.11,3425 0.094658

to
458. 39 B 0.120769 0.081601 0.062017 0.101185 0.084866

458.39 T 0,120769 0.081601 0.062017 0.102,185 0.084866
o48.14 B 0.106082 0.071809 0.054673 0.088945 0.075074

548.14 T 0.071809 0.054673 0. 075074
to

577.29 B 0.062017 0.047329 0. 065282 1
577.29 T 0.091393 0.062017 0.047329 0.076705 0.065282 A

to
640.09 B 0.084049 0.057121 0.043657 0.070585 0.060386

640.09 T 0.052225 0.039985 0.055490
to

692.56 B,

692.56 T 0.042433 0.032641 0.045698
to

728. 576B

£A

iI
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TABUL 21 MC-125: Seams- Weight Per Foot (Pounds)

hfull Butt
Station Trype I Type II ITyp III Type IV Joint

0.00 T 0.135454 0.091393 0.069361 0.113425 0.094658
to

162.29 B 0.120769 0.081601 0.062017 0.1011.85 0.084866

162.29 T 0.150145 0.101185 0.076705 0,125665 0.104450
to

222.89 B 0.135457 0.091393 0.069361 0.113425 0.094658

222.89 T 0.164833 0.100977 0.084049 0.137905 0.114242
to

401.66 B 0.150145 0.101185 0.076705 0.125665 0.104450

401.66 T 0,150145 0.101185 0.076705 0.125665 0.1-04450
to

490.38 B 0.135457 0.091393 0.069361 0.113425 0.094658

490.38 T 0.135457 0.091393 0.069361 0.113425 0.094658
to

579.24 B 0.120769 0.081601 0,062017 0.101185 0.084866

579.24 T 0.081601 0.062017 0.084866
to

609.21 B 0.071809 0.054673 0.075074

609.21 T 0.106081 n-071809 0.054673 0.088945 0.075074
to

668.10 B 0,091393 0.062017 0.047329 0.076705 0.065282

668.10 T 0.062017 0.047329 0.065282
to

697.01 B 0.057121 0.043657 0.060386

697.01 T 0.062017 0.042433 0.032641 0.052225 0.045698
to

784.835B 0.054673 0.037537 0.028969 0.046105 0.040802
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TABLEi 22 MC-Iso: Seams- Weight Per Foot (Pounds)

0.0lu13 Butt
Station Ty-pe I Type I1 TZHe I Type IV Joint

S0.00 T 0.135457 0.0913r3 0.069361 0.113425 0.094658

to
172.46 B 0.120769 0.081-601 0.062017 0.1011.8S 0.084866

172.46 T 0.150145 0.101185 0.076705 0.125665. 0.104450
to

236.86 B 0.135457 0.091393 0.069361 0.1.13425 0.094658

236,86 T 0.164833 0.110977 0.084049 0.137905 0.114242
to

426. 83 B 0.150145 0.101185 0.076705 0.125665 0. 104450

426.83 T 0,1.50145 0.101185 0.076705 0.125665 0.104450
to

521.11 B 0,135457 0.091393 0.069361 0,113425 0.094658

521.11 T 0.135457 0.091393 0.069361 0.113425 0.094658
to

615.54 B 0.120769 0.081601 0.062017 0.101185 0.084866

615.54 T 0.081601 0.062017 0.084866
to

679 25 B 0.071809 0.054673 0.075074

679. 25 T 0.106081 0.071809 0.054673 0.088945 0.075074to
740.69 B 0.091393 0.062017 0.047329 0.076705 0.065282

740.69 T 0.076705 0.052225 0.039985 0.064465 0.05'490
to

834.02 B 0.069361 0.047329 0.036313 0.058345 0.050594
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TABLE 23 NIC-175: Seams- Weight Per Foot (Pounds)

Hull Butt
Station Type i Type II Ty-)eII Type IV Joint

0.00 T 0.150145 0.101185 0.076705 0,2.25665 0.104450
to

181.55 B 0.135457 0,091.393 0.069361 0.113425 0.094658

181.55 T 0.1.64833 0.110977 0.084049 0.137905 0.114242
to

249.34 B 0.150145 0.1011.85 0.076705 0.125665 0.104450

249.34 T 0.179521 0.120769 0.091393 0.150145 0.124034
to

449.33 13 0.1.64833 0.110977 0.084049 0.137905 0.114242

449.33 T 0.164833 0.110977 0.084049 0.137905 0.114242
to

548.58 B 0.150145 0.101185 0.076705 0,1.25665 0.104450

548.58 T 0.150145 0.1011.85 0.076705 0.125665 0.104450
to

649.99 B 0.135457 0.091393 0.069361 0.113425 0.094658

649. 99 T 0.091393 0.069361 0.094658
to

681.52 B 0.081601. 0.062017 0.084866

681.52 T 0.120769 0.081601 0.062017 0.101185 0.084866V to
747.40 B 0.106082 0.071809 0.054673 0.088945 0.075074

747.40 T 0. 071809 0.054673 0.075074
Fit to

779. 74 B 0. 06201.7 0.047329 0.065282

779.74 T 0.076705 0.052225 0.039985 0.064465 0.055490[! to
877.987B 0.069361 0.047329 0.036313 0.058345 0,050594
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TABLE, 24 MC-200: Seams- Weight Per Foot (Pounds)

Hull Butt
Station TyEEJ Type II Type III T Joint

0.00 T 0.150145 0.101.185 0.076705 0.125665 0.104450
to

192.24 B 0.1.35457 0.091393 0,069361 0.11.3425 0.094658

192.24 T 0.164833 0.110977 0.084049 0.137905. 0.114242
to

265.85 B 0.150145 0.101185 0.076705 0.125665 0.104450

265t85 T 0.179521 0.1.20769 0.091393 0.150145 0.124034
to

475.16 B 0.164833 0.110977 0.084049 0.137905 0.114242

475.16 T 0.1.64833 0.110977 0.084049 0.137905 0.114242
to

578.96 B 0.150145 0.101185 n,076705 0.125665 0.104450

578.96 T 0.150145 0.101185 0.076705 0,125665 0.104450
to

683.21 B 0.135457 0.091393 0.069361 0.113425 0.094658

683.21 T 0.091393 0.069361 0.094658
to

715.09 B 0.081601 0.062017 0.084866

715.09 T 0.120769 0.081601 0.062017 0.101185 0.084866
to

787. 76 B 0,106082 0.071809 0,054673 0.088945 0.075074

787. 76 T 0.071809 0.054673 0.075074
to

820.76 B 0.06201.7 0.047329 0.065282

820.76 T 0.076705 0.052225 0.039985 0.064465 0.055490
to

917.9493 0.069361 0.047329 0.036313 0,058345 0.050594
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TABLE 26 MC-200 Type II Lap Joint Transition Panel

Number Total. Length
Diameter Circumference of of Scams

Station ft ft Se ams ft

18.38 67,083 210. 746 22 18. 333

121.87 158.216 497.049 50 41.667

229.50 194.236 610.209 62 51.667

334.5 203.984 640. 835 66 55.000

438,81 200 400 629.857 64 53.333

543,16 190. 150 597.37 .60 50.000

646.46 171.967 540.2,50 56 46.667

751.64 142.213 446.776 46 38.333

853.08 93. 177 292. 724 30 25.00

Total = 325.0

-1
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TABLE 29 MC-200: Type liI Lap Joint Skin Panels

'-Frame

Mid Point Radius at Length of Base Skin
of Arc Mid Point Arc From - (1.625)

Between Frames Station Layout or (1.125)

Station R ft .__ 7. ft

29.95 42.429 15.95 14.325

49.75 53,819 22.35 21.225

74.40 64.474 27.35 26. 225

103.90 74.250 30.0 28.375

141.95 83.771 32.225 30.6005

175.29 90.050 32.10 30.975

209.05 94,861 31.85 30,225

249. 70 98.902 30.65 29.025

282.05 100.894 30.45 29.325

314.15 101.870 30.00 28.375

354.262 101.911 30.00 28.375

386.962 101.521 32.9 31.775

421,162 100. 771 35.25 33.625

456.912 99.604 36.15 34.525

491.212 98.102 32.25 31.125

525.112 96.233 35.75 34.125

560. 762 93,831 35.85 34.225

594.962 91.073 32, 00 30. 875

629.082 87.836 35.70 34.075

664.862 83.859 36.80 35.175

697.312 79.665 32.2 31.075

See pape 226 for continuation of stations.
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TABLE 29 Continued-IiI !
to Seam Length
of Base Skin Per Panel

0.01.09 RT JLongeron s'=2-(2)(h tan 220 + =() 2)1' + (2)s'

h ft s ft st ft L ft

0.462 5. 554 4.0552 36. 760

0. 587 7.045 5.446 53. 342

0.703 8.440 6.747 65.943

0.809 9. 719 1.940 72.631

0.913 10.966 9.103 79.407

0.982 11.788 9.869 81.689

1.034 12.417 10.457 81.364

1.078 12. 946 10.950 79.950 P

1.100 13.207 1.1.193 81.037

1.110 13.335 11.313 79.375

1.111 13.340 11.317 79.385

1.107 13.289 11.270 86.090

1.098 13.191 11.178 89. 607

1.086 13.038 11.036 91.122

1.069 12.842 10.852 83.955

1.049 12.600 10.624 89.499

1. 023 12.282 10.331 89.112

0.993 11.921 9.994 81.738

0.957 11.498 9.599 87.348

0. 914 10.977 9.115 88.577

0. 868 10.428 8.60 79.353

-Soc.a.._iage_227 7fotrcmitninuatiannc!Lsatio.n t ........
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TABLE 29 continued

Mid Point Seam Length
of Arc For 48 Panels

Between Franres . (48)L

Station Total ft

.29.95 1,764.499

49. 75 2,560. 401

74.40 3,165.288

103.90 3,486.278

141.95 3,811.518

175.29 3,921.072

209.05 "3,905.453

249.70 3,837,609

282.05 3,889. 762

314.15 3,810.002

354.262 3,810.478

386.962 4,132.318

421.162 4,301.127

456.912 4,373.840

491.212 4,029 837

525.112 4,295.936

560.762 4,277.377

594.962 3,923.445

629.082 4,192.706
664.862 4,251 703

697.312 3,808.942

See page 228 for continuation of stations.
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'~TROMACHINES *1

II

.,Frame

Mid Point Radius at Length of Base Skill
of Arc Mid Point Arc From 2.-(1.625)

Between Frames Station Layout or (1.125)

Station R ft 1ft Vft

733.362 74.230 37.0 35.375

769. 712 67. 73J. 36.75 35,125

804. 262 60.305 33.70 32. 575

836.962 51.676 33.50 31.875

865.212 42.236 26.20 2 4 . 7 5

888.612 31.828 25.50 24. 375
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TABLE 29 ContinuedI
top Seam Ibcngth
of Base Skin 1 cer Pa nc

0.0109 RT Longoron s'=2-(2)(h tan 220 + 6 75 C(2) + (2)sP

h ft s ft s' ft L ft

0. 809 9.717 7.938 86.626

0. 738 8.866 7. 144 84. 539

0.657 7. 894 6.238 77.625

0.563 6.764 5.184 74.119

0.460 5.529 4.0316 57.213

0.347 4.166 2.761 54.272
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TABLE 29 continued

Mid Point Seawm Length
of Arc For 48 Panels

Between Frames (48)L

Station Total ft

733.362 4,158.041

769.712 4,0S7.861

804. 262 8,726. 019

836.962 3,557. 69

865.212 2,746.236

888.612 2,605.051

96,842.785
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TABLE 30 MC-200: Type IV Lap Joint

L Number Total Length
Diameter Circumference of of Seams

Station ft ft Seams ft

28.38 67.082548 210.74603 2 421.49206

121.87 158.21577 497.04949 2 994.09898

229.50 194.23555 610.20896 2 1,220.4179

334.50 203.98418 640,83519 2 1,281.6703

438.83 200.48984 629.84739 2 1,259.71.47
:A

543.16 190.15034 597.3749 2 1,194.7498

646.46 171.96699 540.25022 2 1,080.5004

751.64 142.2131.7 446.77584 2 893.55168

853.08 93.177094 292.72446 2 585.44892

E 8,931.6446 ft

229
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TABLE 31 MC-200: Bu~tt JOinlt

Length of Splicc ToalLngt For
Per 1 Panel 48 Panels
S it + 1. 0 inl, y(8

Station ftTotal ft

29.95

49. 75

74. 40 6.830 327. 844

103.90 8,024 385.139

141.95 9. 186 440.935

175.29 9.953 477. 736I

209.05 10,540 505. 926

249, 70 11.033 529.605

282. 05 11. 277 541. 281

'314. 15 11.396 547.001

354.262 11.401 547,239

386.962 11, 353 544,959

421. 162 11. 262 540,563

456. 912 11. 119 533. 720

491.212 10.936 524.919

525. 112 10, 708 513.968

560. 762 10. 414 499.888

594. 962 10,078 483. 723

629.082 9.682 464.753

664. 862 9.197 441.451

697. 31.2 8.685 416,871

See next page for continuation of stations. ____
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TABLIF 31 Cortinued

Length of Splice Total Length For
SPer 1 Panel. 48 Panels

s ft + 1.0 in.. y(48)
Station y Total ft

733.362 8.021 385.020

769..712 7. 228 346.931.

804. 262 6.321 303.410

836.962 5.268 252, 845

865.212 4.115 197.518

888.61.2 2. 844 136.525

E10,889.767

1.23
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9. HULL OPENINGS & REINFORCEMENT OF BOW

9.1 DESCRIPTION Metalclad hulls will be provided with

openings for a number of purposes:

1. Permanently framed openings with unstressed covers
or devices. Among them are circular openings for
gas and air valves. Terminals on top of the hull
for cell evaluation and inflation; air entries for
blowers; human entry from spaces external to the
hull; and thrusters, etc. It is improbable that
emergency air entry openings will be needed, as was
the case with ZMC-2.

It is expected that the study hulls will be provided
with power driven blowers with standby capacity for
each air sub-volume and will not require emergency
suction air entries.

2. Openings on the bottom of the hull with roplacable
stress carrying covers, (i.e., for introducing cell
diaphragms into air sub-volumes). The covers would
be attached with screw fasteners along two longerons
and two secondary frames, providing air-tight scam.
joints and thus restoring the hull.Layouts (ap-
pendix M) show typical views and Sections of both
typ.es of hull openings.

9.2 OPENING REINFORCEMENT All permanently framed
openings would be defined by a rigid, light-weight ring, with
a skin doubler at the innermost flange. Between the skin and
the doubler would be aluminum alloy honeycomb, with the
doubler sloping toward the skin with increasing radial. dis-
tance from the ring until it meets the skin. The doubler-
honeycomb structure restores the strength of the cut-out skin
as well as reduces stress concentrations around the openings.

9.3 BOW STRUCTURE A similar construction is considered
for the relniorcement of the bow to support the skin against
the locally high dynamic pressure, and also, to distribute
the loads from the mooring cone spindle. Sketch Figure 41
shows a typical Metalclad hull bow, with an internal skin
attached to honeycomb structure and forming a hollow, rigid,
bow dome principally for distributing cone anchor loads into
the skin and longerons. The dome supports the bow flight
pressure, as well. This structure concept is used in estima-
ting the bow weight.

The structure indicated in Figure 41, is exclusively for
flight purposes, excluding cone spindle structure, which is
not part of the lift structure.

232.ii
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10 HULL STRUCTURE WEIGHT

10 .1 wI:. T (,TS (F ii, T, CO" P1','1N'i'[',. All the structures
of metalclad"cF-Tils are( T-.-te same architecture; main frames,
secondary frames, and longerons, as described in Sect ion 1.
In Figures 2, 3 and 4, are shown relative dimensional values
of the structure for all. hulls.

The weights of main frames were determined for MC-I.00 and
MC-200 and extrmpolated for the remaining hulls. In Section 3
is described thie analysis of a main frame for MC-200, with
the comment that this analysis is, at this time, still
imperfect and results in an overweight conclusion. The main
frames of MC-200 are computed on this basic analysis and
subsequently these weights are reduced to 80% of computed
value as noted under the heading of "Adjusted Total Frame
Weight" in the last column of table for frames. These
adjusted weights are considered to he close to weights that
will be determined by a more thorough analysis.

The secondary frames are loaded by weight loads during con-
struction and in case of loss of pressure in a cell. Deter-
mination of loads on them is considered in Section 1.8 and
Section 4. The principal function of secondary frames is
to maintain circularity of hull in deflated state and to
provide a stablizing support to the longerons. Their weights
are tabulated in Table 33 for MC-200, Table 36 for MC-100
and extrapolated for intermediate hulls. The analysis of
secondary frames also needs further study, including the
interaction of longerons with these frames on an analytical
scale model as well as with actual structural parameters.
The objective of this study is to determine whether the frames
as now designed, are not too rigid.

The longerons were given, much analytical attention, especially
in Section 5. and by computer programs. Their principal
function is the support of hull during construction and in
case of loss of pressure. The sections arrived at are
capable of supporting all these loads. The interaction of
longerons (as well as of frames) was given much time and
effort and the conditions for it are satisfied in all
structures including the longerons. The weights of longerons
are tabulated in Table 34 for MC-200, Table 37 for MC-100 and
extrapolated for intermediate hulls.

NOTE: Columns showing "adjusted weights" of main frames and
"total weights" of secondary frames, diaphragrms and
membranes were factored, after extrapolation, using
t.•C-150 as a base to provide a more realistic and
accurate weight calculation.
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in. 2 WEIG(H T M7JI2FfMTNAT ION OF JIMl.: MAIN RAV]ES,
SIA-CONDARY) FRAMES AND LONCE~RONS. Thec wcightsirUTt .ructure4
are detoi-minccl for Mc- IM and MC-100 and interpolated for
other, intermediate volumes of hulls.

'Ihe basic parameters of all. structure are noted below as
frame construction constants.

1. Geomietrical height of main frame from base to apex

=(0,108)(Radius of hull at given station)
(excep~t m~in1imuml height of. 8 ft

2. Height of main frame with cap

(0.9) (Value determined in 1.)

*3. Geometrical height of secondary frame apex

(0.0125) (Radius of hull at given station)

4. Height of secondary frame with cap

~(O.9)(Value determined in 32 pe

(0.0109) (Tadius of hull at given station)

6. Height of longeron with cap

(0.)(Vluedetermined in S.)

Teweights of structure are tabulated below in this section.
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10.2.1 Main Frames

TABLE 32 MC-200, Main Frame Weights I
Main X-Section X-Sectio• X-Sectioil Weight for:

Frame Area (in 2 ) Area (in) Area (in (ib)
Station Cap and Foot Corrugations Skin Anchors Ea.

18.38 4.6045694 5.1408492 0.9550487 20.0 [
121.87 4.9174797 5.4902033 1.0199504 20.0

229.50 6.0370048 6.7401159 1.2521547 20.0

334.5 6.34 7.0784 1.315 20.0

438.8 6.2313931 6.9S7144 1.2924734 20.0

543.16 5.910066 6.598393 1.225826 20.0

646.46 5.3448763 5.9673/73 1.1085981 20.0

751.64 4.6045694 5.1408492 0.9550487 20.0

853.08 4.6045694 5.1408492 0.9550487 20.0

2.3
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10.2.1 continued

TAB3LE 32 NIC-200, Main Frame Weights

Total Weight Radius at Height of Height of
(lb) Station Apox (:ft) Apox Cap

An_______ Feet Ge ome tri c a If

960 33. 541274 8.000 7.600

960 79.107889 8.54-3652 8.1164694

960 97.117778 10.48872 9.964284

960 101.99209 11.01,5145 10.464387

960 100.24492 10.826451 10.285128

960 95. 075712 10.268176 9.7547672

960 85.983498 9. 2862177 8.8219068

960 71.106589 8. 000 7,600

960 46.588547 8. 000 7.600
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10. 2. continued

TABLE 32 MC-200, Main Frame Weights

Main Height of Radius of Total
Frame Centroid (ft) Revolution X-Section

Station From Skin. Area (in 2 )

18.38 3.800 29. 741274 10.700467

121.87 4.058234 75.049655 11.427633
229.50 4.982142 92.135636 14.029274

334.5 5. 2321935 96.7599 14. 7334

438.8 5.142564 95.10236 14.48101

543.16 4.8773836 90.198329 13.734285

646.46 4.4109534 81.572545 12.420851

751.64 3.800 67.306589 10.700467

853.08 3.800 42.788547 10.700467

238
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10.2.1 continued

"TABLE 32 MC-200, Main Frame Weights

Weight of Total. Weight
VoIUIDO Framo of Frame
S(in') (Less Anchors) Structure + Anchor

22,835.09 2,329.1793 3,289.1793

61,538.295 6,276.9060 7,236.9060

97,459.44 9,940.8628 10,900.8(;2

102,291.33 10,433.715 11,393.715

103,836.78 10,591.351 11,551.351

88,888.384 9,066.6151 10,026.615

76,393.504 7,792.1374 8,752.1374

51,677.415 5,271.0963 6,231.0963

32,852.67 3,350.9723 4,310.9723

73,692.833 lb I
(36.846416 tons)

Ii

il' I
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10.2.1 continued

TABLE 32 MC-200, Main Frame Weights

Main
Frame

Station Ca__.* Cornices* Skin*

18, 38 50.723935 61.995921 11.689795

121. 87 138.43687 150.47487 27.465223

229.50 206.90022 229.0681 88.892966

334.b 225.04464 256.08528 45.06768

438.8 221.18952 244. 07119 94.919245

543.16 195.31585 217. 01762 39.010686

646.46 163.5532 183.1.7959 70.560051

751.64 112.71985 129.62783 23.379591

853.08 73.26790S 84.539889 16.365714

144

*Additional weight (Ib) due to splices in these items.
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TABLE 32 MC-200, Main Frame Weights

Total Adjusted Total.
Weight Frame Weight

124.40964 2,687.11.

316. 37696 5,945.80

524, 86128 8,994.12

526.1976 9,383.13

560.17995 9,533.97

451.344'15 8,248. 05

417.29284 7,218.00

26S.72727 5,114.18

174.1735 ~ 3.j530.6 2

60,654.98

241
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10.2.2 Secondary Frames

TABL," 33 Secondary Frame Weights MC-200j

Secondary X-Section X-Section Radius at
Frame Area (in 2 ) Area (in 2 ) Station p

Station Cap and Poet Corrugations Fect

38.38 0.34695153 0.40568039 47.708171

60.87 0.4289712 0.50158362 58.986427

88.50 0.50519826 0.59071.371 69.46816

158.38 0.63324023 0.74073948 87,074795

3.92.24 0.67374135 0.78778627 92.643973

265.85 0.72742599 0.85055817 100.02597

298.50 0.73826439 0.86323119 101.51632

* 370,70 0. 7400 0.86526058 101. 75498

404.06 0.73589836 0.86046467 101.19098

475.16 0.71889155 0.84,057909 98.852424

508.26 0.70695747 0.82662492 97.211411

578.96 0.67211961 0.78589002 92.420974

611.08 0.65165417 0.76196037 89.606837

683.21 0.59315114 0.69355447 81.562278

715.09 0.56067414 0.65558005 77.096467

787.76 0.46564526 0.5444.6553 64.029356

820.76 0.40862902 0.4777981 56.18924

876.15 0.2747806 0.32129301 37.'784178

898.96 0.1870604.7 0.2187244 25.722074

242
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10,2.2 continuod i

TABLEJ 33 continued

Height of Heeight of Height of Radius ofSApex (ft) Apex Cap Centroi'd (ft) Revolution*Geometrical Ut) From Skin (.t)

0.596315213 0.53671691 0,2683584S 47.439813

0.73733033 0.66359729 0.33179864 58.654629

0.868352 0.7815168 0.3907584 69.077402

1.0884349 0.97959141 0.44897957 86.585t

1.1580496 1.0422446 0.5211223 92.122851

1.2503246 1.1252921 0.56264605 99.46333

1.268954 1.1420586 O.5710293 100.9453

1, 2719372 :1. 4.447434 0.5723717 101.18261 F1

1.2648872 1.1383984 0.5691992 100.62179 I
1,2356553 1. 1120897. 0.55604485 98.29638

1.2151426 1.0936283 0.54681415 96.664597 .1

1.1552671 1.0397358 0.5198679 91.901107

1.1200854 1.0080768 0.5040384 89.102799

1.0195284 0.91757556 0.45878778 81.103491

0.96370583 0.86733524 0.43366762 76.6628

0.80036695 0.72033025 0.36016512 63.669191

0.7023655 0.63212895 0.31606447 55.873176

0.47230222 0.42507199 0.21253599 37.571643

0.32152592 0.28937332 0.14468666 25.577388.

__,j

Iri
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j10.2.2 continued

TARLE 33 Secondary Frame ,r,'igts ?W-20)

Secondary Total Total Weight
Frame X-Sectipn Volume of Frame

Station Area (in ) (in9 Structures

38.38 0.75263192 2,692.072J 274.59135

60.87 0.93055482 4,115. 3364 419.76431

88.50 1.0949199 5,707.8524 582.20094

158.38 1 .3 "13 9 697 8, 969'..76 1,8 914.9151

192.24 1.4615276 10,151.623 1,035.4655

265.85 2..5779841 11,833.867 1,207.054.4

298.50 1.6014955 12,189. 134 1,243.2916

370.70 1.6052605 12,246.514 1,249.1444

404.06 1.596363 12,111. 132 1,235,3314

475.16 1,5594700 1.1,557.83.7 1,178.8973

508.26 1.5.35823 11,177.266 1,140.0811

578.96 1.4580096 10,1.02.81 1,030.4866

611.08 1.41.361.45 9,496.9345 968.68731

683.21 1.2867056 7,868.2806 802.56462

715.09 1.2162541. 7,030.2391 717.08438

787.76 1.0101107 4,849.0806 494.60622

820.76 0.8864271.2 3,734.2852 380.89709

876.15 0.5960736 1,688.5782. 172.23496

898.96 0.40578487 782.55184 79.820287

15,127.12 lbs
(7.56356 tons)

244



t ••TURBOMACHINES,

NADC- 76 238-30

S~10.2.2 continued

I TABLE 33 Secondary Frame Wejghits M•C-200

Total. Total
Wl!eight Frame WeightC~n. s* Cornices* of Snli~ces (11))

6. 37003 6. 37003 32.74006 286.05

9.9761538 9.9761538 19.952307 437.75

13.603978 13.603978 27.207956 606.68 ,

21.702408 21.702408 43. 404816 954.,A03

23.91.5121 23.91.5121, 47.830242 1.,07845

28. 491821 28. 49.823, 56.983642 1,'258.'38

28.91.6339 28.916339 57.8326.78 1,2'5 .30

28-98432 28. 98432 57.96864 1.,'3 .26.

28.823666 28.823666 57.647332 1,287...

27.27762 27.27762 54.55524 1,227..3 '

26.824793 26.824793 53.649586 1'1 ...39'

23.857557 23.857557 47. 71.511.4 A,8

22.333491. 22. 333491 44.666982 '1 b,08.8'2'

18. 876441 18.876441 37.752882 836..-S6

17.156628 17. 156628 34. 313256 '74.8,>03,

1.1.398995 11.398995 22.79799 515,.09.

9.0029145 9. 002914.5 18.005829 39"7..12

4.0359774 4.0359774 8.0719548 '1"79..'5,0

1.8316961 1.. 8316962 3.6633922 83.11

706.75984 15, 763.02

*Additional weight (i.h) due to splices in these items.
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10. 2.3 Longerons
TABLE 34 MC-200, Longeron Weights

Apex Height At Maximum Radius - 1.111.74 ft

Station Radiims Apex Height
to Mid ft ft

Station Station Mid Station Mid Station

18.38/38.38 28.38 41.352989 0.45074758

38.38/60.87 49.625 53.756674 0.58594774

60.87/88.50 74.685 64.581.673 0.70394023

88.50/121.87 105.3.85 74. 622119 0.81338109

121.87/158.38 140.125 83.3377356 0.90881318

158.38/192.24 175.31 90.054241 0.98159122

192.24/229.50 210.87 95.081266 1.0363857

V 229.50/265.85 247.675 98.742069 1.0762885

265.85/298.50 282.175 100.89978 1.0998076
I'.

p 298.50/334.50 316.50 101.90342 1. 1107472

334. 50/370.70 352.60 101.92206 1.1109504

370.70/404.06 387.38 101.51469 1.1065101

404.06/438.81 421.435 100.76422 1.0983299

438.81/475.16 456.985 99.601104 1.085652

475.16/508.26 491.710 98.077451 1.0690442

508. 26/543. 16 525. 710 96.196943 1.0485466

543.16/578.96 561.060 93.808954 1.0225175

578-96/611,08 595.020 91.067472 0.99263544

611.08/646.46 628.770 87.867547 0.95775626

646.46/683.21 664.835 83.862747 0.9141.0394

683.21/715.09 699.150 79.409028 0.8655584

(For continuation see page 248 ]
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10.2,3 continued

TABLE 34 MC-200, Longeron Weights[ Cap Height X-Section Longaron Length Longeron Volume
f£t Area in Between Stations 1Between S ations

• Mid Station Mid Station in inT
0.40567282 .49139 330.0 162.16

[O .S2735296 .63877 30010 191-63
!j0.6335462 .76738 349.8 268.43

0.73204298 .88670 413.40 366.56
0.81793186 .99073 443.4 439.29

0.88343209 1.0701 405.0 433.38
A 0.93274713 1.1298 439.2 496.21

0.96865965 1.1733 4317.7 513.56
0.98982684 1.1989 388.8 466.15
0.99967248 1.2109 426.0 515.83
0.99985536 1.21109 427.2 517.38

0.99585909 1.2063 391.2 471.89

0.98849691 1.1973 420.0 502.88
0.9770868 1.1835 428.4 507.02
0.96213978 1.J.654 383.4 446.82

S0.943691.94 1.1431 426.6 487.63
0.92026575 1.1147 427. 8 476.86
0.89337189 1.0821 382.8 414.23
0.86198063 1.0441 424.2 442.90

N: 0.82269354 .99651 438.0 436.47
0.77900256 .94357 382.8 361.20

(For continuation see page 249)
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10.2.3 continued
TABLE' 3 4 continued-

Apex Height At Maximum Radius 1.11174 ft

Station Radius Apex Height
to Hid ft ft

Station Station Mid Station Mid Station

715.09/751.64 733.365 74.229863 0.8091055

751.64/787.76 769. 700 67. 733179 0. 73829165

787.76/820.76 804,260 60.305062 O.6573251.7

820.76/853.08 836.92 51.688805 0. 56340797

853.08/876.15 864.615 42.462675 0.46284315

876.15/898.96 887.555 32.381398 0.35295723

248
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10.2.3 continued

TABLE 34 continued

Cap Height X-Section Longeron Length Longoron Volume
ft Area'in Between Stations Between Stations

mid Station Mid Station in. in

0.72819495 .88204 426.0 375.75
0.66446248 .80484 454.2 365.56

0.59159265 .71657 402.0 288.06

0.50706717 .61418 399.0 245.06

0.41655883 .50458 310.2 156.52

0.3176615 .38478 303.6 116.82

Total 10,466.21 in 3

For 48 502,377.85 in 3

Weight 51,242.54 lb

25.62 tons

Added Splice Weight:

Length of longeron 909.28929
Total number of splices 2,208
Total length of splices = 52,992 in.
Total Volume of splices - 52,992 x avepage area

-,. 50,543.48 in

Weight of splices (50,543.48)(.102) 5,155.44 lb

Total weight - 56,398.00 lb
28.199 tons

bi
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NADC -76238-30

10. 2.]. continued
10. 2.2 continued
10. 2. 3 continued

Total1 Weight of Hlull Structure: MC-200

Main Frames 600655.00 l1b 30.33 tons

Secondary Frames 15,763.00 lb =7.88 tons

Longerons 56,398.00 lb -28.20 tons

Total 132,816.00 lb -66.41 tons

250
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10.2 .I

TABLP, 35 MC-100, Main Framo Woight Calculations

Main X-Section Area X-Section Area X-Sectlon Area
Frame Cap • Feet Corrugstions Ski•

Station .•inZl) . ....... _(iln2) .. . . .. in-

19, 25 2,9006906 3. 2385249 o. 60104]06

97, I0 3, 0978113 3. 4586038 o. 64252708

179.30 3.8030664 4. 2459976 0 78880631

262. 287 5,993941 4,4591028 4 4591028

345,20 3.9255231 4,3827165 0 81420544

425,94 3,7231001 4,156718 0 722203

516,54 3,3670537 3.7592039 0 69837151

607.98 2,9006906 3.2385249 0 60164166

i
J
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* ~TUROMACHINES,

OIT
TAB3LE'3 35 MC-100, Main Frame Weight Calculations

(Continued)

We igh t Total Total
Main For Anchors Weight X-Section

IFrame Elach Anchors Area Volume
IStation (I.b) -(b-(in 2 ) jin 3 )

19.25 12.6 529.2 6.7408571 11,417.51

97.10 12.6 529. 2 7.1989421 30,769.053

179.30 12.6 52 9 .2 8.8378703 48,729.571

262.287 12.6 529.2 .0.4133652 51,145.509A

345.20 12.6 529. 2 9. 122445 51,918.232

425.94 12.6 529.2 8.6020211 44,444.056A

516.54 12.6 529.2 7.8246291 38,196.635

607.98 12.6 529.2 6.7408571 25,838.628

Is,
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(•TURBOMACHINES,

10.2.1.
TABLIE 35 MC-100, Main Friame Weight Calculations

(Continued)

Weight Of Total Weight
Main Frame Of Frame
Frame (Less Anchors) (Structure + Anchor) Caps*

Station (lb) (lb) 'b

1.9.25 1,164.5861 1,693.7861 25.36189

97.10 3,138.4434 3,667.6434 69.218224

179. 30 4,970.4162 5,499.6162 103.44979

262. 287 5,216.8416 5,746,041.6 112.52197

345.20 5,295.6594 5,824.8594 110.59442

425.94 4,533.2937 5,052.4937 97.657628

51.6. 54 3,896.0568 4,425.2568 81.776351

607.98 2,635.5401 3,164.7401 56.359753

tv,

*Aclcli. t:ona 1 weight (lbs ) due to spl ices.
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NADC- 76238-30

- - I0 .2. 1.
TABLE 35 MC-100, Main Frame Weight Calculations

(Continued) Adjusted

Main Total Weight Total Weight
Frame Corni ces* SkinA Of Splice Of FrameS t a t ion -(11)) .(// (lb )Z - (l .b )_

19.25 30.997866 5.8448797 62.204635 1;452.00

97,10 75.237206 1.3.732569 158.18799 3,1.63.50

179.30 114.5337 44.446347 262.42983 4,764.52

262.287 128.04225 22.533771 263.09799 ,4,968.84

345.20 122.03522 47.459478 280.08911 .5'048.06

425.94 108.50848 19.505283 225.67138 4,372.68

516. 54 91. 589516 35.279918 208.64577 .3,831,68

607.98 64.813717 11.689759 132.8632 2,726.72.

Total. ý3f,328 lb)

*Additional weight (lhs) luc to splices,

j 255
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10,2.2

TABLE 36 MC-100, Secondary Frame Weight Calculations

Secondary X-Section Area X-Section Area Total
Frame Cap & I-cot Corrugations X-Section

Station (in'2) (in2) _Area' . (i.n2)

45.50 0.270234 0.315977 0.58623.1

69.80 0.318254 0.377126 0.690380 L
125.25 0.398915 0.466629 0.865544 11
150.85 0.424430 0.496273 0.920703

206.96 0.458249 0. 535817 0.994066

234.62 0.465076 0.543800 1.008876

291.15 0.466170 0.545079 1,011249 I
316.60 0.463586 0.542058 1.005644

373.80 0.452872 0.529530 0.982402

399.29 0.445354 0.520740 0.966094

458.39 0.423408 0,495079 0.918487

486. 14 0.410516 0.480004 0.890520

548.14 0.373661 0.436911 0.810572

577.29 0.353202 0.412989 0.766191

640.09 0.293337 0.342991 0,636328

667,99 0.257420 0.269495 0.526915

692.56 0.173101 0.202401 0.375502

712.31 0.117840 0.1.37787 0.255627

722.29 0.090209 0.106480 0.196689
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..i,..

iV



r ,
I ~TURBOMACHINE~S.

-" NADC 76238-30S10.2.2
TABLE I36 MC-]00. Secondary Frame Welight Cal culations

(continued)

1 Total Weight
Secondary Of Frame

Frame Volume ,Structure CapsAIStation _(in') '(lb) (1 b)

45.50 2,057.661.9 209,88151 3.1850053

69.80 2,853.91.75 291.09958 4.9880617

125.25 4,484.8672 457.45645 6.8019683

150.85 5,075. 796 517.73119 10,851171

fq. 206.96 5,916.91.55 603.52538 11.957524

234.62 6,094.5484 621.64393 14.245867

291.15 6,123.2383 624.5703 14.458125

316.60 6,055.5475 617,66584 14.492115

373.80 5,778.8909 589.44687 14.411789

399.29 5,588.616 570.03883 13.638768

458.39 5,051.3896 575.24173 13.412355

486.14 4,748.4528 484.34218 11.928742

548. 14 3,934.1283 401. 28108 11.166711

577. 29 3,515.1088 358.54109 9.4381918

640.09 2,424.5329 247.30235 8.5782879

667.99 1,867.1.369 190.44796 5.6994801

692. 56 844.28648 86.11722 4. 5014435

712.31 391.27473 39.910022 2.0179825

y 722. 29 301.06145 30.708267 0.91.5845

*Additional Weight (Ibs) due to splices
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TURBOMACHINES.
NADC- 76238- 30

10. 2.2 continued
TABLE, 36 MC-100, Secondary Frame Weight Calculations

Secondary Total Weight
Frame Cornices* Of Splice Total Weight

Station _(1b) (b) Of Frame (lb)

45.50 3.1850053 6. 3700106 21.8.21

69.80 4.9880617 9.9761234 303.80

125.25 6.8019683 13.603936 475.32

150.85 10.851171 21.702342 544,31

206.96 11.957524 23.915048 633.12

234.62 14.245867 28.491734 656.02

291.15 14.458125 28.916250 659.40

316.60 14.492115 28.98423 652.50 !

373.80 14.411789 28.823578 623.86

399.29 13.638768 27.277536 602. 72

458.39 13.412355 26.824710 546.97

486.14 11.928742 23.857484 512.80

548.14 11.166711 22.333422 427.45

577.29 9.4381918 18.876383 380.83

640.09 8.5782879 17.156575 266.85

667.99 5.6994801 11.398960 203.67

692.56 4,5014435 9.002887 95.98

712.31 2. 0179825 4.035965 44.34

722.29 0.915845 1.831690 32.83

7,880.98

.*Additional weight (lbs) due to spl ices
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10.2.1, 10.2.2, 10.2.3 continued

Total Structure Weight For MC-100:IMain Framtes 30,328.00 l11

Secondary Frames 70881.00 lb

Longerons 35,42.8.00 lb

Total 73,737.00 l1b

36.87 tons

262



10.3O ,KN TUBOMACHINES.

NA.C- 76.138- 30

10.3 HULL, SKIN WIGHT SUMMARY

10.3.1 Description. The weight summary as shown in
the following -les is the summation of the total hull shell
skin weight. This hull, skin consists of the complete metal
hull shell dinus main and secondary frame and longeron side
structure. This shell, therefore, includes main frame base
and transition skin, secondary frame base skin, longeron base
skin and all adjoining skin panels. For this weight analysis
the hull was divided into ellipsoidal segments labeled
A, B, C and etc., These segments are located between frames.
Their widths contain the skin pancls and are the lengths of
the tapered longeron base skins. Segment A (bow to main
frame No.1 ) and Segment 13-B (MC-100) or D-]) (MC-200) which I
are segments from last frame to stern are treated as
spheroidal segments for surface area calculations. All other
segments were a ratio of ellipsoidal and trapezoidal areas.
Main and secondary base and transition skin surface areas
were treated as cone segments due to their small angles and J.
minimal. width compared to the total hull perimeter. Longeron
base skin surface areas were treated as trapezoids with a
factor for curvature included for their true lengths. All
joggles and their inherent overlap of skin were accounted for
on this weight analysis due to skin thickness differences
at the joggles. See Figure 42 for graphical. description.
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NADC- 76238-30

TABILE 38 Weight Summary All Hull Skin MC-100

Frame No. Frame Base Longeron Base H1ull Skin
And [lull Frame Skin Weight Skin Weight Weight
Semnt Stations lbs 'lbs ibs

now 0
A 710

I 19.25 1,434
B 738 1,077

1 45.So0 234
C 81.6 1,494

2 69.80 293
D 824 1,721

11 97.10 2,276
B 779 1,844

3 125.25 376
F 848 2,065

* 4 150.85 459
G 946 2,398

* III 179.30 3,157
H 913 2,388

5 206.96 567
I 1,182 3,145

6 234.62 580
J 1,018 2,732

IV 262.287 3,840
K 1,073 2,881

7 291.15 583
L 1,081 2,898

*<8 316.60 579
" M 1,058 2,825V 345.20 3,736

N 1,059 2,798
9 373.80 562

0 963 2,519
10 399.29 493

p 865 2,231
VI 425.94 3,072

"Q 1,097 2,773i.: 11458.39 M5- R 916 2,258

12 486.14 387
,s 877 2,102

VII 516.54 2,401
T 916 2,097

*.13 548.14 338
U 811, 1,764
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)TURBOMACHINES,

NA1)C-76238-30

TABLE, 38 Weight Siimmary, All Hull Skin MC- 100
continued-

Frame No. Frame Baso Longeron Base f!uI.1 Skin
And Hull Frame Skin Weight Skin Weight Weight
Se gment Stations lbs lbs lbs

14 577.29 255
V 626 1,279

VIII 607.98 1,438
W 659 1,207

1s 640.09 170
X 550 883

16 667.99 121
Y 477 623

17 692.56 91
z 312 288

, 18 712.31 47
A-A 164 84

19 722.29 29
B-B 66

Stern 728. 576

Sub Total 27,975 21,566 51,149

Total 1.00,690 lbs

Includes base transition skin on main fraries,
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TUBMACHINES,

_____ ____ ____NAJJC- 76238-30

TABLE 39 Weight Summary, Hull Skin MC-200

Frame No. Frame B~ase Longeron Base Hfull Skin
And Hull Frame Skin Weight Skin W~eight Weight
Segment Stations lbs lbs lbs,

Bow 0
A110

1 18.38 2,120
B796 1,045

1 38.38 327
C 1,181 1,926

2 60.87 421
D 850591,463 2,805

131,620 3,476
K II121.87 4,052 173 409

4 158.38 675

G 192.24 1782
H 1,993 5,1414
III229.50 6,086

1 ,936 5,142
6 265.85 901

JV 334.50 7,2632,05,9
L 2,11.6 5,1735

8 370. 70 1,009
M 2,226 6,019
9404.06 1,0012,0541

4301 ,3 2,120 5,654

10 475.16 968
p 1,p9 96 5,274

11 508. 26 865
Q 1,827 4,767

VI1. 543. 16 5,861
R 1,880 4,813

12 578.96 8041,0429

13 611.08 698
T 1,)654 4,054

SIncludes base transition skin on ma~in frames,
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NADC- 76238-30

TABLE 39 Weight Summary, Hull Skin MC-200
continued-

Frame No. Frame Base Longeron Base Hull Skin
And Hull Frame Skin Weight Skin Weight Weight
S Stations lbs lbs lbs

VII 646.46 4,44.4
U 1,722 4,064

14 683.21 612
V 1,463 3,322

15 715.09 508
W 1,319 2,855

VIII 751.64 2,616
X 1,289 2,574

16 787.76 350
Y 1,099 1,999

17 820.76 257
Z 690 1,098

IX 853,08 1,127
A-A 467 599

18 876.15 118
B-B 556 531

19 898.96 76
c-C 154 234

2 20 910.462
D-D 127

Stern 917.949

Sub Total 52,453 43,116 104,226

Total 199,794 lbs

Skin Weight Summary For All hlulls:

Displacement Weight Specific Weight
ft 3  lb 11b/ft

MC-I00 i0(i0)6 100,690 .010069
MC-200 20(10)6 199,794 .009990

Volume Ratio 2:1 Weight Ratio = 1.984249:1

By extrapolation of specific weights the following hull
weights were determined:

"MC- 125 12.5(10)(6 124,143 .009931
MC- 150 15(10)6 1481,434 .009 896
"MC- 175 17.5(10)6 1.73,638 .009922

Station only
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NA!)C- 76238-30

10. 5 Dianhragin And Cc] I Membranh n Weights

T BABLI, 41 VC- 100, Diaphragms
Main Radiu-s - [lull Radius - Loss Length Of Volume
Frame At Station Main Frame Cord in Net Of Cord

Station ft Height, ft in in 3

19.25 30.440835 22.440835 27,608.86 762.3262

97.10 62.881176 54.881176 67,520.069 1,864.3406 1
179.30 76. 794176 68.500405 84,275.746 2,326.9925

262.287 80.953 72.210076 88,839.745 2,453.0121

345.20 79.667934 71.059338 87,423.99 2,413.9207 1
425.94 75.803344 67.616583 83,188.384 2,296.9687

516.54 67.859746 59.859746 73,645.182 2,033.4651 1i
607.98 54.327218 46. 327218 56,996.172 1,573.7584

2

Weight of Membranei .045072 ib/ft 2

TABLE 42 MC-100, Gas Cell Membranes

Station Length Radius At Area
to Between Mid- Mid-Station Of Ends

Station Stations Station ft ft'

19.25/97.10 77.85 58.175 50.839727 8,893.3376

97.10/179.30 82.2 138.20 71.320465 17,501.96

179.30/262.287 82.987 220.7935 79.933583 21,984.516

262.287/345.20 82.913 303.7435 80.632418 22,370.606

345.20/425.94 80.74 385.57 78.072316 20,972.61

425.94/516.54 90.60 471.24 72.369867 18,020.793

516.54/607.98 91.44 562.26 61.977411 13,216.766
607.98/728.S76 120.596 668.278 39.815965 5,454.7247
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TABLE 41 MC-100, Diaphragms (continued)

Weight Diaphragm "A" Diaphragm "A" Diaphragm "B"
of Net (Air) Area Weight Area

11) ft 2  lb ft 2

39.79664 7J.5. 70193

97.326424 4,280.564

121.4788 14,741.311 655.16937

128.05755 - 7,410.5386

126.01681 15,863.25 705.03332

V 119.91143 6,497.7143

106.15543 11,256.92 500.30755 -

82.15681 3,050.1881

TABLE 42 MC-100, Gas Cell Membranes (continued)

Area Total
Of Sidest2  Aret Weight

13,618.214 22,511.551 1 ,014,64

20,171..785 37,673.745 1,698.04

22,824.312 44,808,828 2,010.63

23,003.327 45,373.933 2,045.10

21.689.231 42,661.841 1,922.86

Pon 22,560.272 40,581.065 1,829.08

19,499.703 32,716. 469 1,474 . 60

16,521.462 21,976.186 990.51

Total 12,994.46
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TABLE 41 MC-100, Diaphragms (continued)

Main Diaphragm "1B"
Frame Weight Total

Station lb Wjcifjht lb

19.25 31.808974 72.62

97.10 190.24728 291.64

179.30 787.19

262.287 329.35726 463.87

345.20 842.79

425.94 288.78729 414.47

516. 54 615.03

607.98 135.56391 220.80

Total = 3,708.40 lb

Total weight of membranes: 16,702.857 lb

Plus allowance for seams, adhesives, etc. 5% 835.1429 lb

total weight: 17,538 lb
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10.5 Diam1ra1lm and Col I mrbvane We i. Lh t s

TABLE 43 MC-125, Dia aphragms

Main Radius - Hull Radius - Less Length Of
Frame At Station Mai.n Frame Cord in Net

Station ft lleiht,' ft in

12.26 25.411296 17.411296 21,421.04

100.74 66.754863 56.754863 69,825.258

193.06 85.809187 76.541795 94,169.033

282.54 87.204 77.785968 9.5,699.741

372.02 82. 715436 73. 782169 90,773.877

460.94 81.518334 72. 714354 89,460.149

549.26 73.893825 65.893825 81,068.882

639.19 61.405617 53.405617 65,704.695

725.92 40.979023 32.979023 40,573.946

TABLE 44 MC-125, Cell Membranes

Station Length Radius At
to Between Mid- Mid-Station

Station Stations ft Station ft

12.26/100.74 88.48 56.5 52.31.9063

100.74/193.06 92.32 146.9 76.497757

193.06/282.54 89.48 237.8 86.103738

282.54/372.02 89.48 327.28 86.857398

372.02/460.94 88.92 416.48 84.046521

460.94/549.Z6 88.32 505.10 78.176583

549.26/639.19 89.93 594.225 68.384468

639. 19/725. 92 86.73 682.555 52 741328'

725.92/784.835 58.915 755.3775 29.424405
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TABLI3 43 MC-125, Diaphragins (continued)

Volume Weight Diaphragm "Al' Diaphragm "A"l
Of Cord of Not (Air) Area Weight

in 3  lb ft 2  lb

591.4703 30.877238

1,927.9907 100.64922

2,600.1625 135.739'42 18,405.479 818.02128

2,642.4279 137.94585

2,506.4167 130.84549 17,120.228 760.09901

2,470.1425 128.95183 - -

2,238.4457 116.85628 13,640.782 606.25697

1,814.2151 94.709662

1,120.3136 58.485084

TABLE 44 MC-125, Cell Membranes (continued)

Area Area Total
Of Ends Of Sides Are Weight

ft 2  ft ft' lb

9,381.1976 15,865.123 25,246.320 1,121.18

20,055.605 24,203.762 44,259.367 1,965.54

25,408.696 26,405.011 51,813.707 2,301.02

25,855.444 26,636.132 52,491.576 2,331.13

24,209.056 25,612.83 49,821.886 2,212.57

20,945.549 23,663.059 44,608.608 1,981.05

16,027.040 21,076.594 37,103.634 1,647.75

9,533.2392 15,676.849 25,210.088 1,11.9.58

2,967.2474 5,941.1694 8,908.4168 395.62
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TABLE 43 MC-125, Diaphragms (continued)

Main Diaphragm "B" Diaphragm "B"
Frame Area Weight Total Weight

Station ftz Ib lb

"12.26 432.90176 19.240078 50.08
100.74 4,599.7404 204.4329 304.84

193.06 953.01

282.54 8,640.3173 384.01409 521. 55

372.02 890.24

460.94 7,550.3S66 335 5714 464.16

* 549.26 - 722.54

639.19 4,072.8746 181.01664 275.51

.725.92 1,553.1118 69.02719 127.41

Total - 4,309.35 lb

Amended toLal weight of membranes: 19,384.76 lb

Plus allowance for scams, adhesives, etc. 5% 969.24 lb

total weight: 20,354 Ib
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10.5 Diapjlrngm Aind Cell' M.embrane 141 ei. hts .S

TABLE 45 MC- 150, Di aphragms

Main Radius - Hull Radius - Less Length Of
Frame At Station Main Franie Cord in Net

Station ft Height, ft in

13.03 27.003727 19.003727 23,380.199

107.06 70,938142 62.938142 77,432.512

205.16 87.898905 78.405824 96,462.332

300. 25 92.66875 82.660525 101,696.88

395.33 91.18653 81.338385 100,070.24

489.83 86.610496 77.256563 95,048.401

583.68 78.524476 70.043833 86,1.74.612

679.25 65.253678 57.253678 70,438.942

771.41 43.547025 35.547025 43,733.344

TABLE 46 M-_150, Cell Membranes

Station Length Radius At
to Between Mid- Mid-Station

Station Stations ft Station ft

13.03/107.06 94.03 60.045 55.599465

107.06/205.1.6 98.10 156.11 81.292283

205.16/300.25 95.09 252.705 91.49967

300.25/395.33 95.08 347,79 92.300424

395.33/489.83 94.50 442.58 89.313393

V. 489.33/583.68 94.35 536.505 83.09692

583.68/679. 25 95.57 631.465 72.669684

679.25/771.41 92.16 725.33 56.046224

771.41/834.02 62.61 802 . 715 31.268432
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TABLE 415 MC-150, Diaphragms (continued)

Volume Weight Diaphragm "A" Diaphragm "A"
Of Cord of .Net (Air) Area Weight

in 3  _lb ft2  lb

645.56591 33.701257
2,138.0395 111.61465

2,663.4843 139.04508 19,312.856 858.34914

2,808.0188 146.59039 -

2,736.1046 144.24568 20,784.565 92.1.75843

2,624.4433 137.00698

2,379.4233 124.2159 15,413.088 685.02612

1,944.9355 101.53381

1,207.5498 63.03918

TABLE 46 MC-150, Cell Membranes (continued)

Area Area Total
Of Ends Of Sides Area Weight

ft 2  ft 2  ft 2  lb

10,594.479 17,917.417 28,511.896 1,267.1953

22,648.373 27,331.073 49,979.446 2,221.3086

28,693.097 29,818.978 580512.075 2,600.5366

29,197.507 30.076.773 59,274.28 2,634.4124

27,338.303 28,925.893 56,264.196 2,500.6309

23,665.094 26,869,847 50,534.941 2,245.9973

18,098.597 23,801.988 41,900.585 1,862.2482

10,765.422 17,702.197 28,467.619 1,265.2274

3,350.816 6,709.4691 10,060.285 447.12377

Total 17,044.678 lb

279

.............................................................................................;



OTURBOMACHINES,

NADC- 76238- 30

TABLE 45 MC-1S0, Diaphragms (continued)

Main Diaphragm "B" Di aphragmn "13" Total.
Frame Arca We i. gh t Weight

Station ft 2  lb 10

13.03 515.70901 22.92040 56.621661

107.06 5,656.5939 251.40417 363.01882

205.16 997 39422

300.25 8,757.1613 433.6516 580.24199

395. 33 1,068.0041

489.83 8,523.1069 378.80474 515.81172

583.68 809.24202

679.25 4,680.9494 208.04219 309.576

771.41 1,804.4035 80.19571 143.23489

Total. 4,843.1452 lb

Total weight of membranes: 21,887.823 ib

Plus allowance for seams, adhesives, etc.= 5%= 1,094.3913 lb

Total. weight: 22,982.214 lb
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10.S Diaphragm And Coll Membrane Wei ghts ,,t

TABLE 47 MC-175, JWiaphragms

Main Radius - Hull Radius - Less Length Of
Frame At Station Main Frame Cord in Not

Station ft Hoight, ft in

13.72 28.43002 20.43002 25,134.875

112.70 74.677303 66.612155 81,952.354

215.98 92.533072 82.539501 101,547.62

316, 075 97.554 87.018168 107,058.07

416. 17 95.993774 85.626447 105,345.47

515 65 91.193518 81. 344619 100,077.57

614,45 82.664078 73.736358 90,717. 199

715.06 68.693679 60. 93679 74,670.905

812.08 45.842709 33.842709 41,636.390

TABLE 48 MC-175, Cell Membranes

Station Length Radius At
to Between Mid- Mid-Station

Station Stations ft Station ft

13. 72/112.70 98.98 63.21 58.530318

112.70/21.5.98 103.28 164.34 85.57781.3

215.98/216.075 100.095 266.0275 96.323299

316. 075/416.17 100.095 366,1225 97.166296

416.17/515.65 99.48 465.91 94.021859

515.65/614.45 98.8 565.05 87.455171

614.45/715.06 100.61 664.755 76.500624

715.06/812.08 97.02 763.57 59.000454

812.08/877.987 65.907 845.0335 32.916560
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TABLE 47 MC-175 , Diaphragms (continued)

Volume Weight Diaphragm "A" Diaphragm "A"
Of Cord Of Net (Air) Area Weight

in_3 lb ft 2  lb

694. 01542 36.230525

2,262.8398 118.12975

2,803.8975 146.37524 21,402.945 951.24199

2,956.0501 154. 33.825

2,908.7624 151.84963 23,033.806 1,023.7247

2, 763. 3070 ].44.25625

2,634.8517 130.76379 17,080.997 759.15541 j
2,061. 787 107. 63395 i!

1,149.6495 60.016541

TABLE 48 MC-175, Cell Membranes (continued)

Area Area Total
Of fnds Of Sides Area Weight

ft2  ft 2  ft• lb

11,698.326 19,782.914 31,481.24 1,472.47.

25,008.309 30.181.402 55,189.711 2,588.40

31,682.88 32,923.48 64,606.36 3,030.04

32,239.868 33,211.619 65,451.487 3,069.67

30,186.977 310939.39 62,126.367 2,013.73

26,117,581 29,505.599 55,623.18 2,608.73

19,984,436 26,282.588 46,267.024 2,169.92

11,887.01 19,546.932 31,433,942 1,474.25

3,699.9072 7,408.1194 11,1.08.026 520.97

Total 19,852.17 lb
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TABLE 47 MC-175, Diaphragms (continued)

Main Diaphragm "B" Di aphragm "B"
Frame Area Weight Total Woight

Station ft- 2  Ib lb
13.72 598. 61679 26,60519 66.31

112.70 6,363.8259 282.8367 423.12

215.98 - 1,1.58.26

316.075 10,860.034 482.66817 672.18

416.17 1,240.52

515.65 9,487. 7271 421.67675 597.20

614.45 9 39.09

715.06 5,283.2143 234.80952 361.36

812.08 1,642.6367 73.006074 1.40. 37

Total = 4,404.01 lb

Amended total weight of membranes: 24,256.19 lb

Plus allowance for seams, adhesives, etc. = 5% 1,212.81 lb

1K total weight: 25,469 lb

I'
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10.5 Diaphragm And Ceil embrano 1V.ýiht) s
TABLE 49 MC- 200, hiaphragms

Main Radius - Hull Radius - Less Length Of
Frame At Station Main Frame Cord in Not

Station ft Height, ft in

18.38 33.541274 25.541274 31,423.317

121.87 79.107889 70.564237 86,814.870

229.50 97.117778 86.629058 106,579.34

334.50 101.99209 90.976950 111,928.55

438.81 100.24492 89.418470 110,011.15

543.16 95.075712 84.807536 104,338.33

646.46 85.983498 76.697281 94,360.327

751.64 71,106589 63.106589 77,639.758

853.08 46.588547 38.588547 47,475.319

TABLE So MC-200, Cell Membranes

Station Length Radius At
to Between Mid- Mid-Station

Station Stations ft Station ft

18.38/121.87 103,49 70.1250 62. 821971

121.87/229.50 107.63 175. 6850 90.115693

229.50/334.50 105.00 282.0000 100 .89179

334.50/438.81 104.31 386.6550 101.52686
438.81/243. 16 104.35 49019850 98.113291

543.16/646.46 103.30 594.8100 91.085856

646.46/751.64 105.18 699.0500 79. 423019

751.64/853.08 101.44 802.3600 60. 75243

853.08/917.949 64.869 885.5145 33.420875
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TABLE 49 MC-200, Diaphragms (continued)

Volume Weight Diaphragm "A" Diaphragm "A"

Of Cord Of Net (Air) Area Weight
in 3  lb ft 2  Ib

867.64969 45.294964

2,397.1019 125.1.388

2,942.8314 153.62818 23,576.375 1,047.8388

3,090.5321 161. 33878

3,037.5895 158.57495 25,119.1.14 1,116.405

2,880.9536 150.3979

2,605.4445 136 .01.516 18,480.333 821.3481

2,143.7619 111.91339

1,310.8719 68.433029

TABLE, 50 MC-200, Cell Membranes (continue'd)

Area Area Total
Of Ends Of Sides Area Weight

ft 2  ft 2  ft 2  lb

13,431.826 22,126.967 35,558.793 1,595.47

27,638.394 33,010.013 60,648.407 2,721. 21

34,643.644 36,054.301 70,697.945 3,172 12

35,081.152 36,056.649 71,137.801 3,201.95

32,761.791 34.844. 34 67,606.131 3,033, 39

28,236.691 32,023.088 60,259.779 2,703. 77

21,468.650 28,430.958 49,899.608 2,238.93

12,561..435 20,974.172 33,535.607 1,504. 70

3,801.4347 7,378.4809 11,179.915 501.63

Total 20,663.08 lb
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TABLE 4.9 MC-200, Diaphragms (continued)

Main Diaphragm "B" Diaphragm "B" Total
Frame Area Weight WeightStation f-t2 lb Ib

18.38 939.32611 41.747825 87. 88

121.87 7,169.6936 318.65303 448.03

229.50 1,212.93

334.50 11,917.743 529.67744 697.61

438.81 1,287.15

543.16 10,356.194 460.27527 616.50

646.46 966.50

751.64 5,734.3036 254.85792 370.27

853.08 2,144.1153 95.29401 165..29.
Total 5,852.16 lb

Amended total weight of membranes: 26,515.24 lb

Plus allowance for seams, adhesives, etc. = 5% 1,325.'76 lb

total weight: 27,841 lb
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10.6 Corrugations. To properly determine the weight
of the corrupFt-io=ns T_5he6_1 in the main frameis, secondary frames,
and the longerons , we need to determine the equ~ivalent cross-
sectional area for tile corrugation. A typical set of calcu-
lations to deotermuine the equivalont thickness for thc longerons
is delineated below. This same method is used for determining
the equivalent cross-sectional areas of the main frame
corrugations and the secondaryr frame corrugations.

I~3/16

1.50 3/8~~

. Period

FI GURE 4 3 Longe-ron Corrugation

Longeron corrugation development, trefcr* to abo-ve figure,
Dimension "all: 0.5625 x tan 220

(2.2726462) (10)-1 i~n.

2 ~all (4. 54 529 24) (10) in.

Dimension "lb" : 0.9375 x tan 220
(3.7877437) (1.0)-i in.

2 I"b"l: Distance betiveen 1tops of corrugations
(7. 5 754 8 74) (1 0 )-i n.

Dimension "c. 037 (4.0445046)(i.0) - n
cos20

2 "" :(8. 0890092) (10)-l in,

P .(4.545a +292) (10i + (7.5754874) (10)-l in.-~

1,2120779 in.
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Total length of corrugation which covers period: '

4a + 2c +24454~l~

4(2.2726462)10- +2405046)(10-ii 1.7179594 in.

ICorrugation material thickness: 0 .018 'in.
Area: (1.71.79594) (0.018) =(3.0923269)(1i0)- in,'

Now this area must fit within the same distance as the
period, (2a +2b) .

Equivalent material thickness is:

(3O21 69)l-7ý§ in.= (2.5512608)(10r-2 in. 0.026 in
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10.8 Structure Weight

STABLE 52 Summary- Weight

Main Socondary
jHull Frame Frame Total

MC-200 60, 655 15,763 56,398 132,816I
MC= 175 53,073 13,792 51,594 118,459

MC-150 45,492 11,822 46,556 103,871

MC-125 37,910 9,852 41 ,227 '88,989

MC-100 30,328 7,881 35,528 73,737

29

2932

---------- if



~TR3MACHINES,
NAi.C- 76238-30

10. 8 Structuro We J. ph t (Skin not included)

00

Displcemet Cu ft -. 10
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10.9 1i.ie Fibre ipoxy Compos itos, This mater].
has been dcve-opTF-by-the a-rospace industry and is being used
on a large scale in the space shuttle vuhicle for making
1,500 sq, ft. cargo compartment doors. Weight saving of
25% over an equivalent structure made of alluniinum alloy is
obtained, This is the most extensive application of a com-
posite maL.erial yet undertaken in the industry.

The technology of design, fabrication and available facilities
for large unit structures are doveloped for immediate use-
fu l ne s s.

The prospects for using this material and technology are
good. To start with: in the weight load supporting and
gathering structures, floors, containers, doors, tanks,
thrustor enclosures, etc. , all of them outside the scope of
this study. It may be possible to consider the graphite
composites also in primary structures, particulary the main
frames, with high prospective weight reductions. The metal-
clad cellular structures are suitable for such a conversion;however, design and experimental work needs to be done before

such an important commitment could be made with confidence,
It deserves to be considered.

The possibility of the use of graphite composites for hull
skin is not clear at this time. The graphite comnosites arc
need to be experimentally.investigated -for use as skin for
Metalclad hull structures, subject to deep• elastic t e
of local buckling, if the material is a thin shoot. W, e
strength/weight ratio of graphite composites with respect to
high strength aluminum alloys are approximately 2 to 1. To
tdke advantage of this, the skin gages would be thinner than
metal sheets; the metal skin is already thin and further
reduction of gage would not be desirable with a material
that is more brittle than metal.. These comments are not
conclusive and point out the need to learn more about the
use of graphite composites for primary structures in metal-
clad hulls.
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11. METHOD OF CONSTRUCTION

11.1 DESCRIPTION

The bletalclad hull construction is a departure from the erec-
tion methods used in skeletal rigid hulls. This is the inevi-
table consequence of general advances of technology, experience
with the ZNIC-2 airship fabrication and principally it is in-
evitable duc to the nature of Metalclad hull structure; the
latter can be stated concisely as follows:

1. The Metalclad hull is an integrated structure, as
a whole and also locally; all girders, internal as
well as external, are directly attached to the skin
and follow everywhere the transverse as well as
longitudinal curvature of the hull.

2. Metalclad girders, all frames and longerons, are
continuous shear web cellular structures, without
explicit joints and are attached to the skin by
seams and joined by seam splices.

3. The Metalclad structure is relatively simple to
construct and is suitable for rapid assembly during
subassembly as well as into a hull structure.

The time required for constructing a Metalclad hull is expected
to be shortened with respect to past experiences.

The method of assembly of hulls is illustrated by two artists'
sketches (see Appendix N). The frames are to be assembled in
horizontal position, braced by radial cables between network
joints (nesting inside the frames) for the maintenance of cir-
cularity and positioned in a vertical attitude of assembly on
rig belts with air cushions. Two main frames will be connected
by light jury structure into exact mutual positions, ready for
the installation of longerons and secondary frames. During
this installation, the hull section can be rotated to conven-
ient positions, with air cushions monitored for pressure to
adjust for adequate support.

With a few longerons and segments of secondary frames in-
stalled, the skin panels will be brought into place on suction
plattens and held to the base skin of the main and secondary
frames and longerons for setting of the seam bond material and
riveting.

Progressively, all skin panels will be installed around the
hull perinmt.er, working on both sides of the hull on elevated
platforms, provi.ding the most convonient app:roach to the work.
As the circumference is clad with more skin panels, the jury
structure can be successively removed, bacause the hull is
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bccoiiiing increasingly self suipportinlg on the belts.

At some tinli during this progressive assembly, additional main
frames may be set up on their own cushioned belts and assembly
of adjacent bays initiated, at least with jury structure. The
bow and stern will be constructed in vertical attitude, and
when structurally complete, brought onto the assembly rig andspliced onto the rest of the hull.

This in brief is the erection process for the primary struc-
ture. Many details, for instance the installation of controls
and electrical systems, etc., can commence at some early period
of the erection. This metIhod of construction is convenient and
promises to be a rapid assembly system. Belt rigs are required;
approximately four adjustable for different hull diameters.
All rigs will traverse on assembly line rails. The hull, once
erected in a given section, is self-supporting and will only
require a belt rig at every other main frame. The belt rig
assembly should result in Metalclad hulls of high precision,
local as well as overall. The surface of Metalclad hulls will
be held to nearly exact curvatures everywhere, and the drag
coefficients of these hulls should be nearly the same as ob-
tained in wind tunnel testing.

The capital cost of the belted rigs would be amortized by in-
definite use for constructing other hulls and hulls of differ-
ent sizes.
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12. EVALUATION OF STUDY & COMMENTS

The study describad in this report has confirmed the soundness
of the structural concepts used in Metalclad airships. Metal-
clad princip)les have never been in doubt, but there have been
some uncertainties regarding the technology to make them real-
istically feasible. These uncertainties have now been evalu-
ated again and indicate a capability of construction which is
very reasonable in its approach.

The value of this report is perhaps enhanced by the inclusion
of material as it was being prepared; in the Apendices the
evolution of thinking is recorded through this process as it
has developed, searching for a deeper understanding of Metal-
clad structures in large hulls than existed before. A firmer
base of knowledge has been established for continuing this
work into deeper detail and perfection which undoubtedly can
still be attained.

The required technology has now been either developed to the
state of dependable application or is approaching the end of
complete development and will be available when needed. For
example, hull shell structures can now be constructed from
high-strength light alloys with means for joining them as thin
sheets by efficient, strong seam joints. The seam joint
emerges as one of the most determining and basic elements of
Metalclad construction. A riveted seam with a sealant alone,
of the ZMC-2 vintage, successful as it was, is no longer ade-
quate.

Structural continuity and a high degree of redundancy is in-
herent to Hetalclad hulls; every element of the shell structure
works with the skin as well as the skin working with the str~uc-
ture; there is no separation of duties. The redundancy in-
cludes an insensitivity to local damage from human contact;
Metalclad structures are highly invulnerable to incidental dam-
age and will continue to function dependably even if locally
damaged.

A study of the interaction of the skin and structure in Metal-
clad hulls was given considerable effort and much knowledge
was gained together with a better understanding of the subject
matter. The problem was analyzed by computer and reassuring
results werc obtained after initial problems of getting the
computer to respond constructively. More work is required on
this subject, although it is now completely understood. At
this time, it has been determined that the skin and the struc-
ture always work together without overstressing. Where ten-
dencies to higher local stresses arise, especially in longeronsat main frame intersections, cornice doublers will be used to
control local stress levels.
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In view of the above items, the Poisson's ratio has an impor-
tant function in Metalclad hulls due to large dimensions of the
hull shells; this effect has not been recognized until now; its
influence on reducing the radial elastic deformations of the
skin is significant. Poisson's ratio was not included in the
computer programs, thus making the results conservative. The
structure, such as frames and longerons, is not significantly
affected by Poisson's ratio, and this fact is notable in bring-
ing all radial elastic deformations of the s;kin and of the
structure closer together, in addition to the elastic means
provided for this purpose at all skin-structure interfaces, as
described in this report.

Furthermore, Metalclad structures, as proposed in this report,
areinherently responsive to forces from the skin, thus still
further reducing all relative deformations of the skin-
structure assembly. The work already accomplished and reported
in this volume, assures that this is not a design problem but
rather a design condition that can be always satisfactorily re-
solved and provided for without weight increase, because the
thicker skin base of all Metalclad structures is actually a
necessary part of the weight of the structure itself.

Closely related to skin seam strength and to interface deforma-
tions of structures and skin, is the hull air supercharge pres-
sure. In all past projects of large Metalclad hulls, the maxi-
mum allowable pressure had to be, and always was, low. The
state of Metalclad technology of 45 years ago was then a cause
for concern in large Metalclad airships of the future. It was
brought about not only because the air pressure had to be low
due to low values of attainable hoop stresses and therefore
sensitive to control, but also because it was not possible to
provide sufficient tension in the longitudinal direction of
the skin to resist imposed hull moments without relying on
longerons to prevent the appearance of wrinkles in the skin
while in flight. This problem is now completely resolved and
this study report shows that the hull pressure can always be
confortably high within the factor of safety of two with re-
spect to the ultimate strength of metal, and the range of pros-
sure variation can be broad without losing tension in the skin,
even under the most severe imposed moments on the hull. The
supercharge air pressure in all studied hulls is substantially
a constant value.

Although air pressure control will be inherently sensitive,
thanks to modern instrumentation, there is no specific condi-
tion that is must be held steady within narrow limits. The,
reason for this must be credited once more to the high effi-
ciency of skin seam joints which permit high hoop stresses and
therefore relatively high air pressure, and to higher specific
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strengths of modern light alloy metals, •such
as the Alclad 7050-T76. j

r The Metalclad cellular structures, main and secondary frames
as well as longerons, are capable of supporting high compres-
sive stresses in their cornices and have a pragmatic qualityI;. of being easy to fabricate due to their simplicity and absence
of complex skeletal joints. They are composed of few basic
components, which themselves are also simple, the frames being
continuous circular beams and the longerons continuous columns,
all derivatives of the Wagner-Timoshenko(w) shear web struc-
tural principles. All structures are of uniform architecture
which will result in only a sinall amount of waste during
fabrication.

Metalclad hull structures occupy a relatively small irreducible
volume of air space not available for lifting gas. In com-
pleted airship hull, most of the air space needed for load
carrying structure and for habitation, will be at the bottom of
the hull and will, therefore, not reduce lift of the hulls, but
rather lower their maximum ceiling altitude. The Metalclad
hulls studied in this report have the least known air volume
displaced by lifting structure within a hull, as compared with
all historical rigid airships. This is a valuable asset for
the economy of airship operation, and the study shows that this
can be attained in Metalclad hulls without effort.

Metalclad hulls can be constructed on a "production" basis as T
described in the report. This is as important a consideration
as the validity of Metalclad construction itself. Economical
and rapid construction of Metalclad hulls must be attained if
they are to be considered for military and civilian transport
purposes. This study reveals and illustrates that this can be
achieved and that the cost of the Metalclad hulls of this re-
port will be favorable to their prospects of assuming an im-
portant role in national air power.

Jai The purpose of this report was to reliably determine the Lambda
(A) coefficient (A = dead weight of a hull/gross displacement
lift). In the course of preparatory work, the study had to
also enter into:

I . The exploration of the strength of skin
seams.

2. The interaction of structure and hull

shell skin.

3. The analysis of hull air pressure.

4. The concept of Metalclad cellular,
continuous structures.

W. See Reference page 308.
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5. The methods of fabrication and assembly
of Metalclad hulls.

The weight of hulls and the parameter is still the most im-
portant fundamental value of merit and it is discussed last to
accent its dominance. The dead weight of a hull is the summa-
tion of all weights that are needed for a hull to be capable
of lifting equilibrium weight loads, including its own weight,
in flight at 100-knot air speed, with adequate strength to
withstand the most severe bending moments at this speed.

Fach hull weight is itemized as the sum of:

1. Total weight of skin.

2. Total weight of seams.

3. Total weight of main frames.

4. Total weight of secondary frames.

5. Total weight of longerons.

6. Total weight of cell membrames and
frame diaphragms.

7. Total weight of paint and primer.

The summation of these component weights is the total hull
weight for containment of lifting gas, of air space for dila-
tion and of structure strong enough to resist maximum flight
forces and moments. Not included in the total hull weight are:

I1 . Weight of air and gas valves.

2. Weight of controls and instrumentation relating
to pressure, lift, strain, etc.

3. Weight of terminals for mooring, handling
near ground, etc.

4. Weight of bow mooring structure, winch, cone
anchor and equipment.

All these latter weights are excluded for reasons of having no
direct relation to the weight of the lifting structure, all
being in the category of equipment. Similarly no weight sup-
porting structure is considered between the main frames, al-"
though main frames are included as capable of supporting weight
loads equal to the local net lift of the hull.
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Two secondary frames are used between any two adjacent main
frames, principally to stabilize the longerons in deflated
hulls by holding the hull to circular transverse curvature.
This design concept was used 50 years ago in proposals of
large Metalclad hulls. In preparatory work for this report,

ii. Ait was noted time and again how much stability the skin and
the hull longitudinal curvature impart to the longerons when
the hull is deflated. Experience with the ZMC-2 airship con-
firms this. Before the final design of a hull is set, it
would be valuable to carry out an analytical and experimental
model investigation with only one secondary frame between two
main frames. Even if the single secondary frame iwould have to
be deeper, the reduction of the cost of construction and
weight would be noticeable.

The stability of skin shear panels between two longerons and
two adjacent frames, on either a deflated or an inflated hull,
is almost completely unaffected by the distance between frames
with constant longeron spacing; therefore, lengthening the
frame spacing would be of little adverse influence.

There is no structure in the studied hulls not directly re-
quired for the containment of gas and air. In actual airship
hulls, weight load supporting structure will be necessary lon-
gitudinally along peripheral station number 00; this structure
will contribute significantly to the strength of deflated
hulls with the prospect of eliminating at least three longerons
along the bottom of the hulls, the skin to be supported (in de-
flated state) by local internal structure.

The hulls have large diameters at the fineness ratio of 4.5,
and it is desirable to provide an internal inverted triangular
section corridor on top and inside the hull between main frames
to reduce the distance of travel for the crew on inspection
missions as well as to provide space for inflation ducts to the
cells, for valves, etc. Such a corridor would reduce by its
presence, the need for at least one, possibly two longerons at
the top, while significantly relieving the longerons from loads
during deflated flight, if that condition should arise. The
analysis shows that the longerons are stable and strong enough
to support all loads during construction and during flight
without pressure in the hull. The analysis for the complete
loss of air as well as gas pressure during flight has been ex-
plored and found satisfactory, without dumping of fuel to com-
pensate for the loss of lift, under the assumption that lifting
thrustors would be used (partially) in such an emergency.

In addition to promising potential weight reductions of com-
plete hull lift structures, two useful contributions to the
lift of Metalclad hulls are pointed out in the report.
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One is the very small. volume of air contained
in the internal (main frame) structures as noted already, only
one percent of the gross displacement volume in MC-200, in-
creasing to almost- two percent in MC-100; this is the lowest
nonlifting volume in rigid airships, disregarding the volume
for habitation and convenience. The sedond is the means for
inflation of cells with high purity gas and with minimal air
contamination by evacuation of cell volumes which will draw
the membranes tightly against the inner top wall of the hulls
with only small volumes of air possibly trapped in incidental
folds of membranes against the metal surface of the hulls.

The hulls were evaluated for two ceiling altitudes, 5,000 ft.
and 10,000 ft., respectively. These are limit ceilings, the
former expected to be the limit for transoceanic trips and the
latter for overland flights; the hulls will weigh the same for
both altitudes and generally will be flown at lower levels.

The nonavailability of light weight membrane materials with
high impermeability is a problem, although through fifty years
the progress in this technology has been impressive; the pres-
ent specific weights are three times better than they were for
nonrigid hulls, but for rigid airships, these fabrics are too
heavy and not adequate. Materials for this purpose are avail-
able, but the art of making light membranes from them is
being developed. The membrane fabric used in the weight
statement of this report is for envelopes of fabric hulls.
For Metalclad hulls there is needed a light membrane material,
preferably synthetic.

It appears logical that the impervious mate-
rial should be impregnated into the structural fabric base,
instead of laminating it as an additional layer. Perhaps for
Metalclad hulls, the basic fabric could be a closely-woven
mesh with small spacing of threads and the impervious material
made to function also structurally. Metalclad hulls are pro-
tective of membranes in at least two respects; one is shield-
ing against ultraviolet radiation (inside the gas and air vol-
umes of Metalclad hulls is absolute darkness), and the second
is the internal smoothness of the Metalclad hull structure,
protecting membranes from abrasion and scuffing.

Membranes of Metalclad hull cells are not loaded by high
stresses, compared to the strength requirements of envelope
fabrics for nonrigid hulls. With this in mind, the cell mem-
granes will have to be specifically developed for this purpose,
resulting in low weight (not more than 4.32 oz./yd 2 )* impervi-
ous membranes with long-time durability under the conditions
of use in Metalclad hulls. This inadcequacy has motivated the
group responsible for this report to be aware of this need and
give attention to it, because it should be resolved before
actual Metalclad hulls are constructed.

W Weight shown is for type of Poiyureth81ne Butyl
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Dimensions, weights, signi ficant nnrameters and ch'r)cteris-
tics of all hulls are noted in the report and tabulated in
Section 1.3, with selected values plotted on graphs.

All calculated weights are tabulated in Section 10. Main
frame total weights have been "adjusted" to reflect a 20%
reduction in weight to coincide with the conclusion outlined
in Section 3, that the frame analysis was too conservative
and therefore, the frames woqre overweight. The adjusted
weights on the main frames, as well as total weights on
secondary frames, membranes and diaphragms, have also been
factored to reflect a smoothing out of weight calculation
extrapolation curves using VC-1S0 as a base.

Lambda (A) coefficients for all hulls are shown in Section 1.3
The curves show, as they are expected, that Lamd-a decreases
with bull size, however, this decrease is relatively small
in the range nf hull, sizes studied (.294 for MC-100 verses
.276 for MC-200). A small effect due to a detail design
assumption can influence the result in as close a relationship
as Lambda is, in this hull size range.
Throughout the report, there are noted instances of conserva-

tive detail. assumptions in methods of analysis; in consequence
the hull weights, as computed. are also conservative. The skin
is overweight due to the use of the next higher standard sheet
thickness gages. It can be confidently stated that in the
course of final design, more weight will be taken out of the
hulls as specified in this report than will have to be added
to them. At this time, it is not possible to certify a speci-
fic figure expressing the conservatism of this weight study;
it is expected that approximately four percent of the weight
of skin in all hulls is overweight and approximately five per-
cent of the weight of the structure, specifically of the main
frames can he saved due to more precise franc analysis in all
hulls.
With respect to the skin, it is pointed out in Section 7 that

only standard sheet gages are used in the hull skin, analysis.
Considerable excess weight is built into the skin by this limi
tation, due to the standard gages progressing in thickness in
steps of 0.002 in. within the whole range of used gages, from
0.024 in. to 0.012 in. below this latter thickness, the stan-
dard gages decline in steps of 0.001 in. The thickness toler-
ance is + 0.0003 in. for all above gages. It would be benefi-
cial to Metalclad hull construction to make all, gages, from
0.020 in. down to 0.012 in. also decline in steps of 0.001 in.
with the current tolerance.
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Taking for granted that at least four percent of the weight of
skin can be reduced by closer differentiation of skin gages as
noted above and five percent saved on the structure by more
rational and detailed analysis, and amembran6 weight of
4.32 oz/yd 2 , the weight parameter Lambda. can be expected to
be equal to.2687, for the MC-200 hull.

During the review period of the final report, an important A
fact was found in the examination of old pictures of the
ZMC-2 deflated hull. It is evident that elastic buckles in 'I
the hull skin are approximately uniform all over the almost
full length of the hull regardless of the spacing of longerons.
Apparently, where the appearance of the critical buckling
stress is earlier at midsection than toward, either the bow
or stern, due to the wider spacing of longerons, the severity
of buckling is approximately uniform almost everywhere on
the hull surface.

The maximum hull pressures in this report were found to be
unnecessarily high, approximately 15 16 inches of water.
The ratio of the maximum-minimum pressure came out to be over
six. New computations were carried out for MC-200 and are
typical also for other hulls, based on maximum skin thickness
of t .015 in place of .024 (a reduction of 37.5% in MC-200
and less in smaller hull sizes). The new corresponding hull
pressure would be 8.75 inches of water in place of 15.54
inches. The minimum hull. pressure, before the skin would
commence to buckle under the severest gust moment, is approx-
imately the same, viz., 2.19 - 2.43 inches of water. The
ratio of maximum-minimum hull pressure would be 3.5, compared
to 6.3 as noted in the report. The possible weight reduction
of the skin is approximately 37.5%, resulting in a Lambda
factor of X - .244, compared to the previously calculated
S= .276 before.

This is a notable improvement of the structural merit of
Metalclad hulls and deserves attention in the future determin-
ation of hull design parameters, with the back-up support of
structural testing. This gain will be progressively less in
smaller hulls, but it will always be significant. Final
analy. ;s concluded that the hull pressures derived in this
report were unnecessarily over designed and that the new
lowev iressures will give the hull equivalent strength without
requiring pressure controls that are too sensitive.

For the sake of interest, thrust Power was also determined for
all hulls and tabulated in Section 1.3. Thrust powers, even
at 100 knots, are low as is to be expected with energy-conserv-
"ing airships. If propellod by compound gas-steam turbine
power plants of variable air density in the cyclic circuit,
constant power output could be maintained to maximum ceiling
due to the nature of these power plants. The speed then would
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rise from 100 knots at sea level, to 135 knots at 10,000 ft.
altitude and to 116 knots at 5,000 ft. altitude. At these
speeds fand altitudes, the hulls would not be subjected to
higher loads Than when traveling at 100 knots at sea level. I
The work on this report has led to n deep conviction, by all ,
participating in its preparation, that Metalclad airship hulls
have structural merits beyond original hopes and expectations,
in their strength and rigidity with a high degree of redundancy
typical of all shell structures, and the evidence that these
structures can be light in weight, reliable under adverse con-
ditions in distress and tolerant of mishandling.

jLL
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GLOSSARY OF TERMS

Sagging moment A moment making the middle por-
tion of a hull1 deflect downward.

Hoggng mmentA moment making thc middle portion

1I~ggng mmentof a hull deflect upiward.

Cornice The edge of a girder, usually made
of thicker material than the sides
of the girder.

Splice A long joint connccting by scams
either two cornices in a long-
itudinal extension or sheets of
met al.

Membrane Thin, soft iinterial for gas cells,
highly impervious to helium.

Diaphragm Adividing membrane, inteplane
of the main franmes, separating
gas cells, or air sub-volumes.
Also used in place of membrane.

Dilation ]3xpansion of gas with change of
thermody-namic state, eithcr- duo
to pressure or temperature or both,

Ballonet. A contained space of air controll-
able in volume, to imfcrease or

difpthe ng as to other locations
deercae theu monlola.tu

Skin Thin metal which forms the shell
of he ullofMetalclad airships.

Gore A part of hull shell skin defined
as a segment between two longerons.

Longeron Fore and aft structural member of
a Metalclad hull.

Honeycomb Cellular structure between two
sheet metal bodies, attached toJ
then into a light and rigid
as s cimb ly.
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Metalcad A verbal composite defining an
airship hull assembled from thin
metal sheets and uressurized for
local elastic stability as well
as to induce tensile stresses in
the metal skin to sustain all
compressive stresses from external
loads without buckling.

Supercharge To maintain a higher than ambient
pressure inside an airship hull
enve lo e.

Hoop Stress A circumferential skin stress In - -

a hull transverse cross section
due to a supercharge pressure.

ANSYS "ANSYS Program" Ceneral Purpose
Engineeriny Computer Program.
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APPENDIX A

Model For Pressure Loading Of Main Frame,

///

Wwi" -

p• ,

I W.-

FIGURE A 1 Pressure Forces On A Frame Model .j

These sketches show pressure distribution along the diameter
of the hull and the resulting distributed load w, acting on
the main frame,.

P= 0.8833 lb/in2 , Gage

P=P po + Ap

k = 0.0654 lb/ft 3 (95% Iklium)

D = 2A4 ft

Ap 204 x 0.0654 13.3416 lb/ft2 0.09265 lb/in2

Pm = 0.8833 + 0.09265 0.976 lb/in Gage
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Frame loading w is a simple multiple of prcssure,

w ýp

in which 2. is the spacing of main frames, or more generally,
impingement length of a main frame.

x w

y

RT

Hull Shell

FIG;UREJ A 2 Notation For A Hull Section

w wO + ½(sin • +l)(w wO)
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I, The average distributed load way

w wRdý* ~av )

I -7r/2

I 2
= • !WO + ½ sin ¢(W1 1  - Wo) + ½(m- WOj d•

iR/ sinkc (w

-1T/2

Tr 2

w ½(-Wm / 2)~ -

Way ½(Wm +wn)

The pressure load is resolved into two components: constant

.- and variable we
W=av + w, and we ½(wm - wo) sine

3i3
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rx

0M

w -

S- .. .. " - . . .

Wav w,

Constant Load Variable Load

FIGURE A 3 Identification Of Distributed Loads From
Pressure

Only the variable loading component gives a resultant in
z direction:

dPz z (w Rdp) siný

7r 2 7//2

p M2 S ½(wm Wo)Sin 2lRdp = R(w- wo) S sin2 odq

-IT/2 -'/2

I'R .
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P is the lifting force acting on tho frame. It will be made
equal in magnitude to the load w assigned to this frame.

rr

Lo.
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Internal Forces In Main Frame. The lifting component of
pressure forces is shown on the right sketch of Figure A 4.
For simplicity it is assumed that the distribution of the

V weight balancing the lift is the same as the pressure loading
in the lower half. As a result the following frame loading
is obtained.

SJý

w
S.... r ---

RN

Notation For Axial Forces

Y '

FIGURE A 4 Distribution Of Lift And Weight Forces

w - Wen )

w - were sinO

The distribution of axial force may be found. from equilibrium
alone by projecting the loading shown in Figure AS (above)
on y - axis. rl2 1T/2

Axial Forces: No= wocosýRd winqsin cos Rd

0 0

31.6
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s inýcosýd ti sin2

I

This is the axial force at centerline of the hull for an

arbitrary section as shown in Figure A 6

a-Tr/2

0 Nsino + . R(da)w, sin(a -q) N

O.L!

wa w sinct
O~m

N Nosinc + Rw i sina sin(a -• )dc

( n/2 /12 7T/2
= ½ sin [aj+ -sin [sin2acT -icos .cos2a] a

-- ½(I- )sinp -siný(o - sin2q) - coso(-1 cos2q)
2 4

1 + cos2- 2cos 2c

r!
Or( -) sin, + ½sin2 0cosc + ½ cos3

, q, sino + kcos (sin 2p cos2

1

Nm Nosiný + liRw iC -It) sinq + cosj

Fort = o, N = !iRw,1 ,

This result can be verified indirectly by integrating the
vertical components along one-quarter of the hull section.

i/2 7 /2
N =( w sin d2 = wR R ( sin2 ýdq • w
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The resultant distribution of axial force:L

RIw.

FIGURE A 6 Distribution Of Axial Force Along The Hull
Perimnete r
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APPENDIX B

r;
Model Sizing Of Main Frame, Stress Criterion.

N!

FIGURE B 1 Main Frame

For MC-200:

R= 1,224",(102') and H 144" (121)

The required cross section is calculated as a function of
frame spacing L.

L. Maximum axial force:

Nmax (Way + 1wT n),,R (Appendix A)

if wo~ - h(wm w °)

w (Wm + W)

SL (wn + we) + 71(w " we
max 2

But w pL

Nmax P P0  I (Pl Po)
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Pn=0.976, P0  0.8833 lb/in2

N CS li(1224)j 19.976 + 0.8833 + *n(0.976 0 .8833])- 11824

Largest bending moment:

M 0.25wLR2

Wv 2w 2 x W w).w -Cw )
~~~~ 33l * **W

W (pil - o

-9 2  ~m-p)R 2

(Positive at horizontal diameter, negative at vertical
diameter)

M 4..(0. 976 -0. 8833) (12 2 2 ~1S 7 3)1

A series of I values is used in Table B1., spanning the range
from 1 -0.25D to I1 1.0 D.

Allowable stress of 30,000 lb/in2 is used, both in tension and
c onp re s s on.

TABLE 1B I Bending Moment I

1.N M
(i)106 lb 106 lbin A!

612 0.7234 7.083 27.5

1,224 1.4468 14.165 55.0

1,836 2. 1702 21.248 82.5

2,448 2.8935 28.331 110.0

Assume the effective depth of frame to be h 140 in.

The last column in the table above shows the initial total
V area according to:

Aý I (N+30,000 70
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By the method of successive approximations, are determined the
actual. areas, AI and A2 .

At Z 612"

A1  A2  13.75 in 2 ; cr = 30,000; a2  22,630 lb/in 2

A]. 24.0; A2  1.0; Afr 25.0 in 2  I
22

or 31,040 lb/in2; a2 21,660 lb/in (close enough)

At 2 2448"1'

A A2 = 55.0 in 2 ; a 1 30,000; 02 22,630 lb/in 2

1 2
A1 101.0; A2 4.0; Af. 105 in 2

01 m 29,560; 02 -23,030 lb/in2 (close enough)

The section areas obtained here are the effective chord areas.

The above calculation is valid for cross-sections on the
vertical axis, where the largest negative moment occurs. The
largest axial force, which corresponds to the horizontal
axis is used.

¢1

7, 1
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APPENDIX C

Model. of Main Frame Selection, Modified Data.

Factor of safety = 2.31

22
"tu= 69,000 lb/ ; oty = 60,000 lb/in2

at 69/2.31 = 29.87, use at 30,000 lb/in2

ac 0.95at 28,500 lb/in2

220 For MC-200
typ

-i- Min Frame Secondary . 1224 t
24 frame

1324

[" . -.. 353 .. .5 .3. . 398,6......... -------

418 in 3 .83.

FIGURE C 1 Spacing of Frames
with Z= 1254", the internal frame forces are, Ref.'

Appendix B
i, N = (1182) (1254) (1.482)(0)6 lb

,l, Vax (IS 73) (1254) = (14. 513)(10)6 inlb

J
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Constant frame section has been chosen over a variable

I
section. Two practical alternatives tire possible,

A A

Type I. Type. II.

FIGURE3 C 2 Area Dis tribution in a Main Frame. :

3 2.

To determine the required area for both types, two locations
on the hull should be considered: Vertical plane with] neg-
ative moment and horizontal plane with positive moment.
Type I Section.h

A1 FG ; A2  AreA in vertical section: a i m

01 ---(L1'8"2j( 1 0 ) 6 + ( ]2.•• 4.5l =1_ 1.652.(10)A

02 :(1.142)(10) 6 /A

In horizontal section:

01(12) 7A7 A (-10)6

k 02. (1.822)(I0) 6 /A

Amin -(1. 822) (10) 6/34500 = 2.81 in 2

Type II section.

AI= A A'

Al 2A A2 A=ýi vria-scin

323
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Maximum stress in either section:

A ~ i n . A i . 2 1 ) ( 1 . 7 0 9 ) ( 1 0 ) 6 / A I
Anin (. 709) (10)6/34500 49.54 in 2

with A 49.6 in 2

2 .41/14 Ali (1/4)(49.6)(128)2 203,162 in

th
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APPENDIX D ý'oded Of Lonllvron Sizing

Section properties of thin-wall triange.

Assume equilateral triangle first,.

solid

2 
B

FIGURE 1) 1 ModoI of a Girder

Outside triangle: I1 13-
96

Inside triangle: b2

in which b 1-2/'

The thin-wall tri.tingle obtained by subtraction:

2 96 b)

For t<<1 : b 4 _I 4  413' x(3. 414 2) t

I I B 3 t

Sensible accuracy for t< 1B/25.

325
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V!

Longeron sizing, center section.
i~..

Consider the frame spacing shown in Appendix C ; the
intermedi ate frames provide same degree of fixity, both rotati )nal
lateral & stiffness is largo enough to -be considlered perfect.
('This is to be verified later) . The angular constraint is
ignored but the support spacing is diminished from 418
398.6 in,

Buckling stress is determined, using a thin-will, triangular
section as shown in Figure D-2.

1 398.6 in

p 2 -B2/12

B = 2 H = 2 x 20//1

p 44.44 ; (398.6) 2/.4.44;X=59.8> 58.5

cr =I 2 E/X 2  
- ¶2 (10.4)(10)6/P .8.S2 29,990 lb/in 2

A Slenderness Ratio

The cross-section of a longeron i, assumed to be the equi-
lateral triangle with a very thin wall.

/ \ ................... A
B- ---- B H

B.,

FIGURE D 2 Ptodel of Longeron

For this section A ý 3Bt, while the formula for I is:

3 / 2 = I 2I = 1/4 B t and p =

For H = 20 in as the total height (for NC-200), the thickness
can be computed from the prescribed load acting on the section.
(Resultant bending).

The allowable compressive stress in longerons is:

"cr/2 = 29940/2 15,000 lb/in2

326
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The aerodynamic bending moment is:

M (212 .043) (10)6 inlb.

The material which carries the bending stress is distributed
as a uniform, equivalent thickness t.

M
iT-" R 2 t

SELT a0 b = 15,000 lb/in
c
_• 2 .5 4 4 5 ) (10 ) 9

t 7 " 0. 0360 4 in

In this preliminary stage two con..•rvative assumptions are

made:

(1) On the compressive side, the idealized longeron of
Figure D 2 . is the only material which resists the
bending moment.

(2) The same holds true on the tension side and the per-
missible stress level is the same.

There are 48 longerons, each with the area

As 2TrRt/48 2 (1224)(0.03604)/48 = 5.774 in 2

for the shape of Figure D2 , A. = 313t;

2 2
B r= 20 = 23.094 in

5.774 (3x23.094),t and 0.08334 in

use t = 0.085 in

Compressive force in the longeron

Nc= (5.774)(15000) = 86,610 lb

Buckling force

Ncr 3 BtCcr (3)(23.094)(0.085)(29990) 176,610 lb.
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Buckling stress of longerons (z =24)

The second area moment for the secondary frame cross-section
is:

1 2589.4 in4

The stiffness of a frame, when treated as a support for
longerons is.

k b F'

b 320.4 in

k6 0. 0305

R 1224 in

k 3O.)p4 1028. -126.04 lb/in(0T.0305)(12247 4)T

The spacing of main frames is 1254". The secondary f ramies
are treated as elastic supports according to the sketch on
Figure C.1 of Appendix C. The buckling load will be deter-
mined from:

2e -4 (10Ul. 4) 10)6 (261. 73) 17,084 lb

(This is the E'uler force for a column with no intermediate
supports.)

kL_(126.04)(125_4 92S
Fe 7084 9.5

This value of kL/Pe i~s small, because of little stiffness
of secondary frames, that Pcr is only

Pcr 31 P'e =66,628 lb

A 5.889 in2 and ac 66628/5.889 =11,310 lb/in2

The beneficial effect of skin was not taken into account.

Longeron. Bending Due To Pressure.

The interaction of structural elemenits of the. hImtin Inder'
uniform pressure is described in Section 5
which illustrates a hypothetical situation of a hull with
only intermediate frames , uni formly' spaced. It turns out to
be quite a meaningful examp.-le, however, because the influence
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of one framie does not reach the adjacent one, at least fromi
a practical viewpoint.

It also holds true with respect to a case of a hull with
main frames only, spaced at the same distance. To obtain
teinteraction forces P, 1Exariple 1* is reworked here with

Af 4 49. 6 in2

P 8 x 0. 05 (6.979)(1076] (0.976)

Maximium bending at x 0

?Vfmx P 7~y2 13) 5 44 (1.519) (10)6 inib

Check bending stress due to this moment with 24 longerons:

I 1/4B t 1/4(23.094) (0.085) 261.7 in4

Ci =(2/jH 2/3C20) =13.33 in

=2 20.0 -13.33 =6.67 in

ab =(1.519) (10)6 x 13.33/261.7 77,372 lb/in2

compression, outside fiber.

ob238,686 lb/in1
2  tension.

There is a tensile stress in longeron section

ajL 6 ,885 lb/in 2

Resultant longeron stress:

2

ar 38686 + 688S 45,571 lb/in2

2'
~all 15,000 lb/in2

o 2a1 34,500 lb/in
2

Overstressed, need., reinforcing locally.

*Page 339

j 329
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Assume 20% reduction of longeron bending due local skin
reinforcement. 

New Moment:'

M 1  
ba i arean 

1tM'max (0.8)(1.519)(10)6 C.215) in lbPlace two additional areas, A, and A on the basic areaA0 shown in Figure D 1. A2

Combined Section Data:

No. Ai zi Aizi Aiz.(in 2 ) (in) (in 3 ) (in1 4 ) (in 4 )
0 5.89 6.67 39.29 262.04 261.7
1 2.0 0.1 0.2 0.02 0
2 3.5 18.0 63.0 1134.0 0

-A2

210.0 1 .0

2.0 i1~Kz
"A1  -2.0 in 2 ; A2  3.5 in 2

FIGURE D 3 Longeron Area Distribution

A i - 11.39 in 2

EAi zi = 102.49 in3

Zc = 102.49/11.39 = 8.998 in; cI 8.998 in; c2 11.0022Ai z? - 1396.06 in4 in.

I= 261.7 + 1396.06 - (11.39)x(8. 9 98)2  
.- 735.58 in4

a D MCl 73.57~9 1. 00 98]~ 14,863]lb/in2 (tens.)JI c2 -7"3.- fli. 002 18,202 lb/in2 (comp.)
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I Resultant stress:

cj = 14,863 + 6,885 = 21,748 lb/in2  (inside)

10 M - 18,202 + 6,885 - 11,317 lb/in 2  (outside)

I This is well within the allowables. The addod areas
may be reduced.

Longeron bending due to pressure. (z = 24)

As the first step determine the interaction force P
between the main frame and longeron. Rework the Exan,ple
using Al = 49.6 in 2 and z = 24.

A -2•Rt + nA.c 2M(1224)(0.05)+(24)(5,889) 525.9 in 2

o = N/A - (4.594) (10)6/525.9 = 8,736 lb/in2

The ratio of applied axia-l stress to the buckling stress
determines the stiffening effect of axial forces. The
most probable value of a calculated before in this
Appendix is 11,310 Ib/inr. (Usinguar of larger value,based on frame spacing of 432", worI be unnecessarily

conservative.) Use a stiffening factor given by

1/(1 +a/ocr)'/2

* = Ic/m (261.7)(1 + 8736/11.310) 348.4 i.i 4
I/ 2"A

*=k(l+/acr) / (55.6) [L+8736/24S.] 336.5 lb/in/

4 "336.5

ciff T4-7•fD O ) T and

A- 12,344(10)- 3

All= 5.33326
f: 0A);. . 9 9 6V- (24) (0.05) (12. 344) (10y-(10.4) (10)60.05)

P 2 --p(1T46-2 +(4 9.6)' 6 -C1.2 4),9

(0996 X (0.976)

= •,146)(10)"6 + (6, 341) (10)6] (900.976)

p[= 102,880 lb

331
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This is a larger force than the one obtained for z 48.

P 102880 (2.084) inib

Bending of skin along longeron.

Pescription of the problem is given further on in this
appendix. Interaction force P between the mnain frames
and longerons is calculated above in this Appendix,

P = 73,544 lb

Inward loading w from'
t zP

All data the same as in Example I, except Af 49.6 in2

P 0.976 - 0.05)(48) 734.) 0.5133 lb/in2

p - w 0.4627 lb/in2

Stretching force

N (p-w)R -(0.4627 xc1224 566.3 lb

Length of a beam - column per sketch of Figure

b 2iTR/z 2-n(1224)/48 160.2 in

Solving for moments and the deflection at the center of panel

.2 E••l 6t3  L.b. OF)lo ojo0 3

N 1 -- 2N ": (-1J g6.: )-- =0.1913

1 160.2 in

U2 t2/j2 1.34,156

U 366.27

The Euler force for this 1" strap is only

/¶2 r'L3 4i~ 2L 61 1)~9qj
NI x L 6o.2) 12

' 0.04166 lb

.332
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For so large values of U, tan h(U/2) ,l.0 and for bending
moments at ends:

i}:.: Ml = M2 - (/4wj2U = (1/2)(0.5133)(0.1.913)(366.27)=1798 inlb

Moment at the center

M = wj2 =(0.5l33)x(0.l9l3)- 0.0982 inlb (not critical)

lor large values of U, the maximum deflection

.2w2(12 0.0982,Yn 8N -8 ([12 4U) 5 (134156 -()x(366.27))

- 2.876 in (with respect to the supports,

i.e. , to longerons)

Bending stress in skin:

6Ml 6 /
--t ( i'05)(1 7 . 9 8 ) 43,152 lb/in2

This is superimposed on hoop tension:

a h = N/t - 566. 3/0. 05 - 11,326 lb/in2

Resultants, circumferential

11,326 - 43,152 =- 31,826 Ib/in (external)

11,326 + 43,152 - 54,478 lb/iin2 (internal) of' the skin.

'ix Without thickening of skin along the sides of longerons.

The benefit of longeron shape (two, rather than one contact
points with skin) was not taken advantage of in the above
nmode analysi.s. However, a local doubler may still be nec-

* essary, as a resultant inside stress is much larger than the
allowable of 34,500 lb/in2 .

Also it is to be noticed that the assumption of non-deflecting
longeron artifically increases skin bending.

Rending of skin along frame.

Rending along the main frame, is more severe than along
secondary frame and is analyzed next.

I333
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Equation for bending'of skin-along a frame:

12ax \ 2W

blma /i-f--) 0.05 (2 i) (4) 9.365 )

Mma = 9.068 inlb

ab 6M/t 2 = (6)(9.068)(0.05)2 21,763 lb/in2

along a secondary frame.

The result shows that by comparison with a longeron, the
bending stress along the frame is only about half of bendinp
stress along a longeron. This is thought to be indicative
of the true situation, although some of the difference may
be ascribed to overly conservative assumptions used in the
longoron analysis.

General instability

General instability is the mode of buckling in which the
frames, due to insufficient stiffness, deflect tindeýr the
buckling longerons. There are several criteria of general
instability, the one considered below is taken from Bruhn,
"Design and Anal.ysis''x

The minimum frame stiffness to prevent a general instability

MD 2()
Ef (16000Jz

M -bending moment

D 2R = (2)(1224) = 2,448 in

frame spacing, in

Assume first typical secondary frame spacing

1 =432 in

With aerodynamic moment M (2.5445)(10)9 inlb

with F = (10.4)(10)6; 1 212 in4

x. See references page 307
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. . .'5445) (10 ")9(2. 448)2 (1.0)6(l?•S 1=O)3=•d ,T3•)O ~= ( 2. 206) (10)9 bin2'i
f (1.6) (10) 3(0 .432) (10))

This is considerably less than the former calculations gave.

One has to keep in mind, however, that Equation 1. is semi -
empirical and that the test pieces on which it is based ,
may not have been of appropriate diameters.

Method of solution.

The connection or attachmcnt between the frames and thc
rest of the assembly is considered removed and the hull is
pressurized. This makes the radial gap A an open distance
between the skin and the frame, The effect of Poisson's
Ratio is disregarded, a conservative assumption at this
time, because Poisson's Ratio reduces the radial skin de-
formation due to the presence of longitudinal skin stress a

Z Skin with Lonperons

0 n4•

Frame~- , . . .,

X-

FIGURE 1D 4

Skin deflection relative to a frame

.1

!.1
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Tn the next step the inward directed loads are applied to
longorons and the outward directed loads to frame.

These loads are applied simultaneously at a plane of every
frame.

The skin longeron deflections are denoted by Af. Forces P
are found from the condition

A+ (i)

P

P P

P

Forces Between Skin and Frame

FIGURE3 D 5 a

Frame flexibility.

A ring loaded with z concentric forces P is equivalent to
a ring loaded uniformly with an intensity w:

zP
W 2r

Radial displacement:

Af wR2  zpR(2
Af -A2. (2)

ývAf frame cross-section area.

Apart from the above radial component of displacement, there
also is one due to bending and shal However, with z fairly
large, say z >36, the radial. component strongly predominates.

336
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Skin flexibility

When skin is treated as an elastic foundation for longerons,
it is divided into rings, each of them one unit wide. The
section properties of such ring are:

A= t

St3 /12

Applying a set of z evenly spaced forces Q gives a radial
deflection, which may be expressed by a formula analogous
to Eiquation 2.

2Et

The foundation modulus is defined as k Q:

k . (3)
J,,

It is to be noted that bending flexibility of skin can not
be developed, because a frame is continuously attached to it.
This is, of course true only in the frame plane. In the
classical theory one has a uniform circumferential load
intensity w:

zQ =21TRw and k = w/S Et/R'

Influence of axial stretching.

When skin and longerons are subjected to axial tension, it
is more difficult to bond them in lateral (radial) direction,
than if the tension did not exist. This effect is considered
separately for skin and for longerons.

In case of a longeron subjected to an axial load N, a simple
approximation is made; the effective second area iroment Ic
is assumed to be

Tc (1 + N-r) Ic (4)
it NrC

In which Ncr is the elastic buckling force for a longeron
supported by the frames.

The stiffening factor for a thin-wall cylinder will be
determined from the deflections of a longitudinal strip of
skin, which is treated as a beam on an elastic foundation.From
Hletenyi 's Equations follows that the deflection under a
single forceP at the origin is yo3

337
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When no axial force is acting, according to Iletenyi' -Vwork,
gives the deflection wit]h the axial force present"

P A-

The stiffening factor is defined as

Yl1 .

m'-------=

Yo "

11

T ho dofinition ofA, ;is givvn by A4 (6)

ik t 3  Et Et 4

4L2IA.2 r

In considering s1in stiffness the T, iisson's Patio is
assumed equal to zero; setting v = 0 in the expression for
buckling stress of a cylinder, as shown in Roark's "Formulas
for Stress and Strain"u (See reference., page 308).

M~ta Et 2

Ncr cr V-3 R

But this is the same value as previously derived value of
4EMA 2 . Substituting in the expression for m:

cr (7)

in which acr is the theoretical value of the cylinder buck-

ling stress.

a E t/ ({ 1, a is positive, when in tension.

Y'M. l[etenyi, Beams on Elastic Foundation, University of
Michigan Press, 1946,

T.
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Instead of saying that the deflections of skin decreased
i times, one can say that the foundation modulus was changed

k ar
The inclusion of the effect of the axial force has the
following effect on the previously derived expressions:

1. In Eq. 6 , k and Ic are replaced by k' and Tc

A4 k
4FJC

2. InPA 's'inhA* + sinAl2. In Eq. •S, 0l -cosAL , k and. Aare replaced by (9)

General solution, • an1 A, respectively.

In accordance with the definition of A in Equation 1,

SA LT' ' where p = internal pressure, uniform. (10)

Siubstituting Equations 2, 9 in Equation 1.

zPR + P/L R2

P EAf + f(AZ) t

, + f p (12)

Example I.

To calculate the interaction forces P for a hull with the
following data:

R = 1224 in Ic = 261.7 in 4 : AC 5.889 in 2

1. 432 in z = 48
t = 0.05 in p = 0.976 lb/in2  2
Af = 21.4 in 2  E = 10.4 x 106 lb/in2
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Stretching force in hull:

N = TRrI 2p = (n)(1224) 2 (O.976) (4.594)(10)6 lb

Total section area:

A = 27rRt + zAc ( 2 n-)(1224)(0.05) + (48)(S.889) 667.2
.2Axial stress: in

o =(4.594)(10)6/667.2 = 6,885 lb/in2

Longeron buckling stress o
1/2 1/2P =(Ic/Ac) (261.7/5.889) 6.666

X=- I/p = 432/6.666

= 24,440 2in

acr lb/i

Modified 2nd area moment, Equation 4

S 5(261.7) = 335,5 in 4

Skin buckling stress:

=c V_!R (l0 4'(10 6(0.05~ "245.3 lb/inocr %'3VR v' (1224)

Foundation modulus, Equation 3:

k = _C2Tr (2 .ri0. 4)(12) (o)6 o 0. 5 5
zR (4 8) -(1-24) 5.61

From Equation 13:- r) 2=,
k k + l (55.61) + 6885/245. 299.82

lb/in2

The effect of longitudinal stretching is very strongly marked,
as far as the skin stiffness is concerned.

A 4 - 299.82

4ET1 T 4-4)- (10')65-(33s. 5)

12.107(10)-3 1/in
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S5.2302

From Equation 11:

93.412 + 0.867
GA 1) = 9 .418 - 0.495

From Equation 12:

F (48) (0.05) (12. 107) (10) (10.4) (10)6(0.05)P L 2 2"•-2-24 (7 21. 4" + (2) ( -299. 82 )7 1224) 2

S(0. 9959 ](0.976)

P = f•14. 8) (10)-6 + (6.979)(10)-61 (0.976) = 45,2/0 lb

lo
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APPENDIX E Sizing of 1.-Beam with Thin Web.

7A2

Pý ..MtC 7G,( Lino

A A lA1 A 2

A- I -Be am

F ICURE" E 1I I.-noam Schematic

''The I Beam consists of the lower chord A,, the upper chord
A2 and thc connecting shear web. The Axial force N is applied
at C G of Al and A2 .

The objective is to determfine A, and A so that the stress
levels are a1 and 02 in the lower and ihe upper chord, res-
pectively:

N M

WhnM --0, tFrom afirst beofe a pure axia load case. The

momen presnt.rTexi qations, ilb ovdprxmtl

Inthe firs Loation misntikown o ntail Al. and A 2 arsuin Aoorn1 d
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When the approxima~te values of A/n 'aeisre ~
Equations 1, the values for a' Ada1e'band.a ,
Equation 1 says in effectthtteapidsr sintl
lnwor chord must be equal to the targot stress. However,
(0and 02 and as a 'rule a large difference is to be expected.

In the next step is chosen now A, without changing A, so
that the target value Of stress G2is obtained.

N N1
02 =A1-Ar

N m C

A2 Al=

The total area will be preserved, if

A =A' + -A A A A 2  (4)

No weight saving, which is the ultimate objective, has been
achieved thu~s far. Small changes of both areas should bring
that result.

The areas appear in the denomin~ators of Equations (1) .If A,
changes to A + AA, where LA <<A, one can write

In the third step the index of stress and areas is changed
to ("') notation

0N + ___

lAll+AAl TiA + A

N M 1

2  All+ A2
The change of A1 and A2 thus considered independently.
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After using Equation C5):

itI' N AA M(1~\

A' A

When one assumes AAI = AA2 w 0, the equations for al and a 2

are obtained. Subtracting the sides of the appropriate
expressions:

it lot N AAl H AA_
01 01 R= KrA"; hA"-X,'

A1 1

" " N AA2 M AA2

Isolating the unknowns, which are LA1 and AA2 :

(N M AA\ NAIA.a T h-Wi T 1 -AI rr:

02 a2 2r~7'T )xr

Finally:

1  f AI (6)
AA2/A" G2 - N M A'>

I' ~ ~ ~ ~ ~ ~ t A'_____ ____ ___

344
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APPENDIX F

'1
Fixity of Long Edges in Membrane-Plates,

A membrane-plate is understood to' be a plate, which
has so sizable a deflection that the membrane corn-
ponont of'the internal forces must be accounted for.

t
t 4 ,1-oneg

edge

SCond. I•w IVEdges are free to rotate.

t:!!ii Cond. II - Qr-,• L,,Edges are' fixed rotationally.

Model of a Membrane

FJGURE F 1

The objective is to make some conclusions regarding the be-
havior of panels between longerons and secondary frames, as
their boundary conditions are between the two extremes shown
above. The panels are slightly curved, but are treated here
as flat for the sake of model convenience.

The following figures are quoted from Roark: (See References)

wb 4
Non-dimensional pressure load.

y/t = deflection.

t 2  f diaphgram stress.

II -sb2  
total (diaphragm + bend.) stress'
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TABLE FI Membrane Pressures And Stresses
wb 4
1-'- 25 125 250

y/t 0.946 1.72 2.20

Cond. I sdb2/Lt 2  2.40 8.10 13.20

sb 2 /Et 2  7.16 16.40 23.60

y/t O.51 1.40 1.86

Cond. sdb2 /Et 2  0.66 5.40 10.30

sb 2 /l3t 2  11.12 41.0 67.00

Note: Stress is measured at center for boundary cond. I
and at the center of the long edge for boundary cond.

The following observations can be made.

I, Deflections are smaller in Condition II, but the dif-

feronce tends to null as the load increases,

2. The same is true for membrane stress.

3. Plate bending stress is much larger in condition II and
the difference grows with the load.

The last factor is very undesirable and all means possible
should be used to make the panel approach condition 'I This
can be achieved by removing, as much as possible, the angular
restraint from the edges of the panel,

Note: The figures shown above are for long plates, a/b 1.S.

[I
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APPENDIX G -Theory Of Local Skin Bending Near

I Longcrons.

In this Ap~pendix, the magnitude of bending moments on the
skin near supports (Longorons) is evaluated. A circumferen-
tial strap of skin is treated as a beani-column with a large
stretching force. The maximum radial deflection is also
calcu~lated.
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The E!quation for bending moment near supports is:

U/ 2-tanh7 U/2, from Roark P.152, case 18.

U = I/j; j (M IIN) 1 1 2

The order of magnitude of U is a few hundred for pressurized

skin; when U is so large: tanh U/2, 1.0 and:

M?4 Wj2 (- - - j 2II7w(1

N is the tangential stretching force ; N = pr.

1 t 3 /12.

I t is interesting to note that the maximum bending moment
is approximately proportional to the support spacing. This
is different in comparison with an ordinary beam, for which
the maximum moment would grow in proportion to the square
of length.

Equation(1)can be presented in a more general form noting
that with the absence of stretching the maximum moment is:

T20 (near supports), which means that

The magnitude of the buckling force for a beam with both
ends fixed:

Ncr 4 I

F 1 4T2E •2 Ncr l

El 4TEl 12 Nr12

M 6 1 Ncr'
o ° i N-I

-, cr (2)

This is valid only for N>> Ncr'

348
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Maximum deflection, according to the same reference:

Wi2 (2 4/ 1 - cosh UJ/2
y4U8 -- sinh U/2"

IFor large values of U:

. 2 _(3
": ~~Ym BN•R-

This can be rewritten to

iqj 
2 tj2

Yi " 8N"ut
2

j 2 U2 = 12 and, y 1 -(
Thiss

Thsis valid for N> N .Usually the second term in
parenthesis is much sinmaler than unity. Note that for
an ordinary beam the deflection is proportional to the
fourth power of the support spacing.

The largest bending moment at midpoint of the beam column is:

-- 7When U is large:

N" w 2  or " w This may be transformed to:

W12 (N~cr)
4" N 2-Whe no axial force is present:

M0 - (at center) The new form of Equation (S) is:

6 Ncr ,,
M" = 2 N--

For MC-200 At Maximum Diameter.

R 1224 in.

z 48 (Number of longerons)

I = 2vR/48 = 1.60.2 in.

t 0.024 in. (Basic skin thickness)
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The computer printout of longcron analysis shows that the
maximum radial displacement of the longerons is:

SAs = 2.06 in.

This displacement is first defined by Equation ý0), Appendix D
and it is the same as deflection Ym defined in this section
by Equation 4; it is the relative radial deflection of skin
with respect to longerons viewed in a cross-section of the
hull, which is of interest.

Pressure p = 0.628 lb/in2

Section properties of the circumferential strap of skin:

A = 0.024 in 2

' t3  (1.152)(10) in 4

.E1 I (10.4)(10)6(1.152)(10) ¾ 11.981 ibin2

Buckling load:
w.2 2 2

Ncr = 2(11.981) 18.43(10)-' lb

The skin loading may be viewed as simultaneous tangential
stretching with the magnitude

N = (p-w)R

And pure bending with the uniformly distributed load "w".
Assuming that, Equation 4 may be written

A5 8N 6 I

Evaluating the magnitude of w by combining the last two
Equations

A w( 7)s ýý 8 (p)-w) R

w _ 0...349 .lb/in2

.V_ (160. 2)2
8PA 5  -(-8)T T12 T24)(.6)

Pii
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In the samo beam, without. axial force, the bending moments
should be:

SMO - gf(,349)(1]60.2)2 - 746.4 inlb

!iM° '•-M' -373,2 inlb

As the stretching force is N = (.628-349)(224) 341.5 lb.,

3' the true moments are:

M (746.4) ( /(18.3(•.23) '/ '26 b

S18.43(10)" 373.2) 12.24(10) inlb

Corresponding bending stress:

.b ,6M' /ty (6) (5.236)/(.024)2 54,542 lb/in2

It 12

-Ob =126 lb/in

While the bending stress near the supports is excessive, the
bending in mid-length is negligible.

I/..
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APPENDIX H Geometrical Properties of Triangular

[ Sections.

This type of cross-section is used for longerons as well
as f rame s. ]ecaluso of frequent need to calculate section
properties, the necessary formulas arc derived in this Ap,-
pendix.

A general type of section in the form of isosceles triangle
of Figure I is described first. The properties of an equi1-
lateral. triangle of constant thickness are defined next.

The isosceles triangle form was selected for all structure
sections of Metaiclad hulls, principally to favor a radial
form deformation caused by loading from the skin deformation
dlue to hull, pressure. The angle a will decrease on internal
frames and increase in external longerons; this deformation
will be very small in the latter case.
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2I

web-I.............. . :...............

V ~-corni ce

Typical Structural Section, with a<30 0

"FIGURE H"-i -

A A1 + A2

zc hA2 /A (1)

I t=A2 (h-zc)2 + Aiz~ (2)
iC

Shear flow, each side wall:L2 V., 2I(
vs v,,-. _h-yc) z -v ).
VS VA2"hqY.... lb/in (3)

I 21

No shear flow in the bottom wall because of plane of symmetry.

Note that the webs joining the chords are assumed to be pure
shear webs and that their tensile and compressive properties
are included in the chords.

Consider a special case: A1 = A2  from Equation (1):

"Zc = h/2 from Equation (1) (4) *1

12I = Ah from Equation (2) (5)
; q V2h (6)
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Shear flow in each inclined wall is such as if the wall were :
vertical with the height h. w

There is more than one way of including into the chords the

axial capacity of the webs. If no buckling is involved and
the stress due to axial force predominates over bending
stress, almost the whole web area may be included. In cse
of large bending stress only one-sixth of a wall may be
added to each adjoining chord, rather than one-half as in
tension case. When buckling is present, an effective stiff-
ness must be calculated.

i 3
| .
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APPENDIX Ia Blending of Longoron

f If a beam on an elastic foundation is loaded with a single
force P, the bonding moment is

~-- (c osAx- s inAx)()
when there is an axial load, A is replaced byJ, ; this is only
all approximation; an exact equation, with the effect of axiall.oad, should be used. ..

M X

maxx

FIGURE I I Loading of a Beam on Elastic Foundation

According to Eq. (1) , Max-- 'P/(4A"

Beyond x, ir/(4A), the magnitude of M is quite small.

In Example I, of Appendix I),* there was

P 45,270 lb

A= (12,801) (1.0)-3 1/inl

44380
!max 47 • ,( 2FO8)-(-0 j 3 884)111 inlb

- It "

x it -( 674,87 in

* Page 339.___ _
_-A: *j

5,5 5 .1
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The first inflection point is thcrefore, oniy 64.87/432 = 0.150
of the frame spacing away. I-letenyiY shows that the first zero
for deflections is 3x as large, but this is still much less
than frame spacing. This means that in the example considered
the effect of loading in one frame plane has negligible in-

fluoitCe on the deflection of an adjacent frame.

Calculate bending stress due to that bending moment, using
the figures of Example I.

IC 261.7 in 2

c 13.33 in

?IS (866,730)(13.33)/(261.7) 44,150 lb/in2

'Compression. Tension is 1/2 of this value.'

Michiigan Press, 1946.
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Bending of Sk:in Along L ongeron.

At some distance away from a frazme, there will be a following
deformed skin pattern:

z. /-- s

"Longo ron

X'T'

FIGURE I 2 Skin Deflection Between Longerons

This shows that longerons are restraining the skin in radial
direction.

To evaluate the effect of this restraint use the procedure
similar to the one described in Appendix 1); first, cut the
connection between frames and the rest of cylinder and let
the skin be stressed to

Ch = pR/t.

The outer radius grows by

A pRZ (2)

The interacting forces P cause this radius to shrink by As.
From equation

As = A-Af. (3)

3357
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Once the general solution giving force,

isperformed, the frame displacement Af, may be calculated

from

(~W) -'w>2

R, R
(P 

-

System A System B System C

M-FIGURE 1 3 Loading on Skin A = B + C
(1 in. wide strap of skin is shown)

It is the shrinking by A., which gives rise to skin bending,
AThe critical cross section is the one in which the relative
skin- longoron displacemont is maxinmum, For the sake of
simplification assuiei skin to be sepa-rated from a frame (but
not from a longeron, which is now attached to frame).

The interaction load is (I (lb/in) between skin and longerons.
The, maximum value is q,,,, applied to the skin at the frame
section. The task is separated into two subproblems.
The original, system "All of radial forces q accompanied by.

pressuire p) is resolved into pure tlns~ion system "B", which
causes the skin to stretch and a predomina~ntly bending
system "C". Not~e that this resolution is performed morely
to visual ize the two lna.jor loand components. The. bending
system "C" must be analyzed in the presence of tension system

''B''
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Iw

Ncr,-.- Ncr b 2NrR/z

FIGURE 1 4 Skin Between Longerons

One of the ways to determine the magnitude of the distributed
load w is to say that it induces the relative skin displacement
As. (i.e. the displacement of mid-point of skin segment with
respect to the adjacent longerons)

When the magnitude of w is known, the solution of system "C"
is reduced to the problem of a single-span beam column, as
shown in Figure L4, Keeping in mind that system "B" acts
concurrently with system "C", we have the stretching force

N = (p-w)R (4)

As the bending stiffness of skin is quite small, any axialload encountered is likely to be bigger than the compressive

buckling load Ncr. This necessitates the use of exact equa-
tions for beam-columns.

Bending of Skin Along the Frame.

Figure 5Lshows the longeron with a set of frame reactions p.
The magnitude of deflection under each force P is denoted
by As and defined by equation

A =in cosA1

The longitudinal bending moment in skin reaches the largest
value at where force P is applied.
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Th e equation. for deflection y dlue to P1 1in gencrazU caso is
according to Iletenti ,Y

y PA A e ax (ýcosh~x +as inhi~x) (4)

z

~.u. .. ..... C,

q k(lb/in 2 )I

FIGURE 1 5 Skin Bending Along a Framre

Biriefly:

y (30 tXf (X), Bending moment, is: S

El" UGd ax ~ af (x ]

Ery~~ FIG -ae f(x)+C X

-x-ax -ax ax

-EI G WC ax f~x)-2ae a' Ox) + e-a f (X)3

f(x) ýcosh~x + +, sinh ýxI

f' (x) P 2 sinh~x + a~cosh~x

f W cosh~x + ax~sinh~x - Pf(x)I

M FIG[(a +2 )ecIx)f(x)-2ac axf Ow)3

KI (O) Euct ( xpE1(''-c2at33
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1'A A.2

After Iletenyi:

Minus sign may be omitted, as it is clue only to the, convention.
Also , from equa~tion

k

k 4 E IA'4

(I was used instead of Ias the skin,' rather than the
longeron, i~s of interest.)

-p (6)

According to equation (1) ,or by setting. N 0 in equLation:

The moment when the axial force N is absent is:

f Mimax

Comparing this with equati on (6)

mmax" ra

This result is analogous to one obtained for miaximnum, deflection.
The moment may be calculated with no axial force present arid
then multiplied by factor mn given by equation'.
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If the radial skin di~splacement is A~s the equivalent, con-
tinuous radial leadinig is

It is assumod here that the correction for the effect of axial
forces had already booni made. By comparing equation

PA-xZ C (CosAX + sinAx) with equation (1), for x=O:

Mina x - P2k k

z Max 43A A 72

In this case:

By definition,

kt 1 (4E E. IP kt

1 2 It EtI 1 2 R '

Mmax s(7)
Vy 1

The bending stress is

6M t

which gives , from equation (7):

'b RF

This bending, stress is additivo with the longitudinal stress
due to pressure.

The considerations in this appendi~x are valid at a reasonable
distance away from longerons. As we approach a longeren, its
own curvature determines the skin stress, In the vici~nity of
a frame it is usually tension.
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I, Longeron as Beam on Ul1stic Foundation.

F The skin is the elastic foundation with stiffness k (lb/in2 )
At each frame station there are concentric forces P applied,
which represent the interaction with the frame. Consider one

;.::longeron, as shown in Figure 5L. Bending stiffness of a long-

eron (including a piece of effective skin) is EIc; introduce
a relative stiffness constant

K (9)
Ac

If only the force at the origin is applied, the deflected line
is

PA -Ax
z = e (cosAx + sinAx), (Hetenyi) (10)

To preserve symmetry about z-axis, the force at the origin is
treated as two halves of P. Every other pair of forces P,
which is placed symmetrically about z-axis, at a distance Xzl
from it, will give

PA -'AzL, . (cosAzl + sinAzi)

so that the total displacement is

+PA e-Az (cosAz2 + si.n/A) (11)

This results from the f6llowing identities:

CO e tsinkx . -kt coskx sinht

kO 2 k's1t'- -07Cos TcosxZ:(, ~ ~k= O.-,1

But 1 -AzI o 1 si.nhAi + sinAl
+ 2 coshAl - cosA1

n=l

PA sinhAl + sinAl

I
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Influence of Axial Stretching

When skin and longerons are subjected to axial. tension, it is
more difficult to bond thcm in lateral (radial) direction,
than if the tension did not exist. This effect is considered
separately for skin and for longerons.

In case of a longeron subjected to an axial load N, a siwiple
approximation is made; the effective second area moment 1c
is assumed to be I

(1 + N~r~c (12)

In which N is the elastic buckling force for a longoron
supported y the frames.logrnI

The stiffening factor for a thin-wall cylinder will be de-
termined from the deflections of a longitudinal strip of skin, |.
which is treated as a beam on an elastic foundation. The
equation 10, shows that the deflection under a single force P
at the origin is

When no axial force is acting equation (113) on Page 134 of I
lletenyi gives the deflection with the axial. force present:

PA4

The stiffening fatter is defined as

in which + +

N1 (13)
+ 4F IA2]

'I
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The definition of given by equation (9) holds true also for
a longi tudinal strip with stiffness EI:

4EiI. - 4f --- [4EIk]

I lUsing expression for

k 2i]'t (foundation modulus)zR

For a continuously loaded skin and

t I Lt I-tiI k = j -•-'K 2 1 2 " "- I ''z , g iv e s :
i1 t 142 2 -tj 2

41EI A 2 -4E1 T42J ='"-T.

In considering skin stiffness, the Poisson's -ratio of skin is
assumed equal to zero setting v=O i.n the expression for buck-
ling stress of a cylinder:

1Et2
N c r to1c2 t trNc tci -/3 Rt

But this is the same value as previously derived value of
413 2. Substituting in the expression for m:

m /1 (14)
S=[+ oChrill

In which acr is the theoretical value of the cylinder buckling
stress:

cr = tt(/3)

and a is positive, when in tension.

Instead of saying that the deflections of skin decreased m
times, one can say that the foundation modulus was changed to

k ~1 /
k k[l +!lacr (15)

365

.........2*1' - * * ,:~L.-;Ž•i



TURO T MACHINES,
The icluson o theNAflC-76238-30 ,.__

TheInCLIionof heeffect of the axial force liar, the follow-
Ing impact. on the previously der'ived expressions:

1 . In equait ion A 4k and I~ are replaced by 1ý and TY.

T C

2. in equation 12, k arid aure replaced by IF and

General. Solution

In accordaince with the definition of A in equation A+A.r=A,

6 pR2l (16)

p internal pressure, uniform.

Subs ti tuting:

Af =K H - anf equations 11 and 16

Th~Af+ F(jl in As+Af=A,

In whiich: ~

F(N) sinhK72 + sinMX (17)'

nt + r.tt-[21r IZAf 2kITrN~j (I8)
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APPENDIX J S t a iicla irdls
Alum. Alin:x 7050-T76 Alcind

2
Oty m64,000, lb/in

G 61,000, 11,/in2

TS, 44,000 lb/in2

c 7%

6 2E (10.2) (10) 1 lb/ in
K 6 .2

Ec (10.6) (10) ,lb/in

v .33

y .102, lb/in3

Air: NASA Std

At sea levol: (Dry Air)

to - s.00,0F,

To-518.688,0R

IP 0  p-211.6.22, lb/ft2

14.695.9)7, lb/In 2

Yo .076475, lb/ft

(O 37452) (10) 9,Ib.S/ft 2

v 1 (. 5 7 57)10 4 , f t2 /s

c= 0 16.9 ft/soc
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. B~~TU/lbR1

Cpo .24067, lbOR

R - 53.35050, ft/°R

k - 1.4021 1
Air: NASA STD

at 5,000ft alltitudc: (dry air)

ts = 41.169, OF

T5  5 S00.857,OR

P5  p P5u1 76 0 , 7 9, lb/ft

=12.2277, lb/in2

YS .065896, lb/ft
::.t5 • (36 42 2)(10)"1 lb f 2

5• (1.7783)(10)"4 ft/secc

a 1097.53, ft/sec ,
S~cps = .234241,IITIJ/Ib°F [

R = 53.3S05, ft/ R

K -- 1.40215

SAir: NASA STI)

Airat ;5,;00ft altitude: (Dry air)

tl0o 23.338, F

i ~368]
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i Air: NASA STD

at l0,O00ft altitude: (Dry air)

T 483.026, OR

Plo 0  PlO 0  1455.33, lb/ft 2

= 10.10646, lb/in2

". O .056475, lb/ft 3

•,o w (35374) (10) 1 lb.s/ft2

So (2. 0153) (10) ft /s

a1 O 1077.83, ft 2 /S

Cp .240166, BTU/Ib°R
10

R = 53.3505, ft/°R

k 1.40215

Helium:

Pure 1Ie at sea level:

t 59.00,Or

VT S18.688,OR

PO P0 = 2116.22, lb/ft 2

"= 14.69S97, Ib/in2

T.e 0  .0105631, lb/ft 3
h -6

1 ii 13.34(10) at 77.36°F
lie 0

369

i :I1i2~s



COTUrBOMACHINES.1
_______NADC- 76238- 30__

Hfelium:

Pure lie at sea level:I

all% U 3271, ft/s

c p 1.25, BT3T/ih0ORI

Ril 386.24496, ft/OR

k 1.661

Helium:

Pure He at 5,OO0ft altitude:I

'tile 41.169, OF

Til 500.857, OR

Ple P = 1760.79, lb/ft2

- 12.2,277, lb/in 2

The5  .0091018, lb/ft3

Vile

a *3214, ft/sec.lie 5

3701
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f .l.ium:

pure lie at 5,000ft altitude:

c 1.2484,BTIJ/lb°RC~lle5~

Rie= 386.24496,ft/°R

k 1.66

lHelium:

Pure lie at 10,000ft altitude

tilel0-23.388, OF

T =1e 483.026, OP.

oP0 ! Pl 0 = 1455.33, Ib/ft 2

1 10.10646,
Y e .0078006 lb/ft 3

lielO

alaHel 0 = 3157,ft/sec.

Cpllo 1.25,BTU/lb 0 R

Rile 386.24496, ft/°R

Il ki -e 1.66
2.0

371
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Lift of ie:I

At sea level: temp. of air and ite is the same, gases are dry.I'.
Pure He: k e Air-Y a 076475 .01.05631

fe0 0 li1

klleon .065912, lb/ft 3  I

.95 pure He: k!Ie .076463 .0105612 I

kle = .065358, lb/ft I
... 065350 lb/ft 3 , used value

At 5,000ft altitude:

.95 pure He:kile5 Air
5 -.H oo.06s896-

k .e5 U ,0563142, lb/ft 3

- .05631, lb/ft , used value

At 10,000ft altitudc: I

.95 pure Il: kli 0  YHeI = .056475
.95

-. 0078006/.95 1
k .0482856, lb/ft 3

10i I
.04828, lb/ft , used value
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APPENDIX K Notations

CAPITAL LIETTERS

A, ft 2 or in 2  area

B, in. = width

C.= coefficient

C, in.= distance from NA to extreme fiber of a beam

D, lb = drag force on a hull

E, lb/in2 = modulus of elasticity

F, lb = force

G, lb/in2  modulus of shear

H, in.= height

I in 4 = moment of inertia

J, 778.156 ftlb/BTU =mechanical equivalent of heat

L, lb = lift

L, in.= length

M, ftlb = moment

P, lb/in 2 = absolute oressure

P, lb = load

P, ft = perimeter

Q, lb = shear force

R, ft/°R = gas constant

R, ft or in.= radius

R, degrees = Rankine temperature

T, degrees = total temperature

I373
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V, lb/ft - shoar flow

"V, ft 3 
- volume Ii

SMALL LJ3TTERS

a, ft/s = velocity of sound .i

2a, ft = major axis of an ellipsoid

a., ft or in.= semi-axis of bow ellipsoid "

b, ft or in.= distance between longerons I
21, ft = minor axis of an ellipsoid

a/b = finess ratio of an ellipsoid hull I
c, ft/s = gust velocity

d, ft or in, diameter I
', e,1 eccentricity of an ellipse

g, ft/s 2  gravitational acceleration

h, ft or in. = height of a frame or longeren

h)'ft =head of gasH 'I. i
i = an individual number
k, lb/ft 3 = specific lift of gas ! !

-k, c/cr = ratio of snecific heats

k, lb/in = spring constant

,, ft or in. length I

n, a/b
p, ib/ft2 or lb/in2  static pressure

Sq, pu 2 /2 or lb/ft 2  dyfiawic pressure

iq, lb/ft or lb/in shear .flow

•,-. 37 ,4I;£ I
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r, ft or in, - radius

t, in.= thickliess

u, knots or ft/s = airship forward velocity

v, ft 3/lb m specif:ic volume

w, lb = weight

x, ft or in.- Cartesian abscissa

x longitudinal axis of a hull.

y port- starboard axis of a hull.

z vertical~axis of a hull

z a fixed number

SUBSCRIPTS

ae = aerodynamic

av average

all = allowable

"b - for bending stress

-3 B = bow or bottom

c =compression

cr = critical

d = doubler

des = design

D'= drag

e = Eulerian load

f = frame

g - gas head

11 = hoop

.1375
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Si n individual .

ic inner chord j
'L longitudinal or longo'ron

SLS longitudinal skin direction I
Sin for gust monient

max - maximum

M = maximum

.o total or absolute value

,.oc -o outer chord

S - stern I
S = skin

ST in the skin at top of the hull

SB in the skin at bottom of the hull

t = tension

T transverse or top

TS in transverse direction in the skin

x in x direction

y in y direction

YP yield point

z in z direction I
GREEK LETTERP.S

a, degrees = radial angle in the transverse plane of hull

Y, lb/ft 3 = weight density

A difference 1
E, i.,= deformation

376 0
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0, degrees = pitch angle of the hull.

0, degrees or radians = perimetral station on a frame at afixed load

FX (weight of hull)/(gross displacement lift)

X, V/p = slenderness ratio of a columni

Vi, lb sec/ft 2 = dynamic viscosity

V Poisson's Ratio

V, ft 2 /s = kineniatic viscosity

elastic parnmeter

7r Ludolf's number

p, ft or in,= radius of gyration ..

P, lb sec2/t mass density

a, lb/in 2  tension or compression stress

T, lb/in shear stress

4, degrees = ang2.e above equator

W, 1/s = circular velocity

E, summation symbol

377
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APPENDIX L Ellipses And Ellipsoids

x, Longitudinal Axis I
y, Horizontal Axis I
z, Vertical Axis

ElovationaJ. Profile

,Bow Ellipsoid

B T

Stern Ellipsoid Origin at max. R station of I
the hull T, 2  R2

s z.2

,,:,,, .... Excentricity e , •

!:i? a2

Oscullatory Radius of Bow R
SaB

of Stern R
a

S

Volume of Bow Ellipsoid:

VB (2/3) TaB R•B T

of Stern Ellipsoid

V (2/3) ST __2
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Center of buoyancy from the origin at maximum diameter R_
station.

Bow Ellipsoid
• I BB3 ('375)>aB

Stern Ellipsoid

BS = (.375)a

Area of Ellipse

Bow AB traBRT

Stern A T ra R

Perimeter of Illipse

ii Bow PB 2LT (1/2) 2 E2  - X3) 2 cB4 X3XS cB

B 13 13 '4 6 51 ..

2
a2

B T rBR 2B

qi., , )2 F 4 2 E6

Stern P R 2Tas (1/2)2E2 fR-

Sa22

a..

S~S

1ý.Surface Area of Ellipsoid

Bow AB = tRT2 + naBRT Sin-l CB

Sin-lE
Stern A T: Ra.2, + ?aRT

S s r S

379
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Local Radius of Curvaturc of EIlIlipsc

(II~X2 + 84 y2).3/2

SternRIýX2 + a 4y2)3/2 1

a411 4

380
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APPENDIX M

M I M(>300 Layout

M 2 MC-12S Layout

VI M -3 MC-150 Layout

IM -4 MC-175 Layout

M 5 MC-200 Layout

I ~APPENDIX Nf

IN - 1 Sketch - Assembly Method

N - 2 Sketch - Final Assemnbly
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